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Abstract 
The reaction of [MCh(cod)] (M = Pt, Pd) with two equivalents of 2-
(diphenylphosphinoamino )pyridine, Ph2PNHpy, in warm acetonitrile led to 
cationic complexes of the type cis-[MCI(Ph2PNHpy-P,N) {Ph2PNHpy-P} ][CI] 
(M = Pt, Pd) which exhibit broad single 3 I P {I H} NMR resonances due to their 
dynamic pyridyl exchange behaviour in solution. A single crystal X-ray 
diffraction study of the platinum species confirmed the proposed structure and 
revealed that adjacent complex molecules were held together by hydrogen-
bonding to the same chloride counter-ion. The bromo and iodo cis-
[MX(Ph2PNHpy-P,N) {Ph2PNHpy-P} ][X] (M = Pt, Pd; X = Br, I) complexes 
were obtained by metathesis from the corresponding chloride complex. 
Treatment of cis-[MCI(Ph2PNHpy-P,N) {Ph2PNHpy-P} ][CI] (M = Pt, Pd) with 
Ag[BF 4] in dichloromethane or tBuOK in methanol led to dicationic cis-
[M(Ph2PNHpy-P,N)][BF4h (M = Pr, Pd) and neutral cis-[M(Ph2PNpy-P,N)2] 
(M = Pt, Pd) specIes respectively. Alternatively, dicationic cis-
[M(Ph2PNHpy-P,N)][BF4h complexes were generated by treating cis-
[M(Ph2PNpy-P,N)2] with HBF4'OEt2 in dichloromethane. Reaction of 
[PtCIMe(cod)] with two equivalents of Ph2PNHpy gave (the non-fluxional) 
cis-[PtMe(Ph2PNHpy-P,N){Ph2PNHpy-P}][CI] which displayed an AX type 
3IpeH} NMR spectrum. Treatment of cis-[PtMe(Ph2PNHpy-P,N)-
{Ph2PNHpy-P} HCI] with 2.5 equivalents of tBuOK in methanol led to P-N 
bond cleavage, and formation of the neutral, mixed ligand species cis-
[PtMe(Ph2PNpy-P,N) {Ph2POMe-P)]. Addition of Ph2PNHpy to [AuCI(tht)] 
in dichloromethane gave the mono dentate P-bound monomeric specIes 
.. '. -
[AuCI{Ph2PNHpy-P}] which upon :treatmeht with solid Ag[CI04] gave a 
crystalline material we have te'nfativeiY'chatacterised as the dimeric P-N 
bridged complex [{Au(,u-Ph2PNHpy-p,MhHCI04h. [HT] (head to tail). 
Methoxy bridge cleavage of the Pt(IU dimer [{Pt(,u-OMe )(CgH120Me) h] with " .. : .. -. 
two equivalents of Ph2PNHpy, followed by deprotonation with two 
equivalents of tBuOK in metha·n'o( and' p'recipitation with water, gave the 
neutral species [Pt(CgH 120Me){Ph2PNpy-P,N} lH20, in which the phosphorus 
atom is trans to the 1] 2 -/I Pt bond. Single crystal X-ray analysis of 
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[Pt(C gH I20Me){Ph2PNpy-P,N} ]·H20 revealed that the complex occurs in the 
solid state as hydrogen-bonded dimer pairs with two H20 bridging molecules 
resulting in a pseudo eight-membered N2H40 2 ring. Chloride bridge cleavage 
of [(PtClCu-Cl)(PMe2Ph) h] with two equivalents of Ph2PNHpy in 
dichloromethane gave the mixed ligand, cationic specIes cis-
[PtCI{Ph2PNHpy-P,N}(PMe2Ph)][CI]. Reaction of Ph2PNHpy with 
[PtCh(PMe2Ph)2] was found to give, by displacement of a chloride and a 
PMe2Ph ligand, the same cationic cis-[PtCI{Ph2PNHpy-P,N}(PMe2Ph)][CI] 
complex. This reaction was extended to a series of Pt(II) and Pd(II) phosphine 
or phosphite complexes which led to products with the general formula cis-
[MX' {Ph2PNpy-P,N}(PR3)][X] (M = Pt, Pd; X' = Cl, Br, I or Me; R = alkyl, 
aryl, alkoxy or phenoxy). Deprotonation of the cationic species with tBuOK 
in methanol or Et3N in dichloromethane gave the corresponding neutral cis-
[MX' {Ph2PNpy-P,N}(PR3)] complex. 
Treatment of 2-(diphenylphosphino)aniline with nBuLi, followed by 
Ph2PCI In thf gave the new unsymmetrical diphosphine ligand 
Ph2PNHC6H4PPh2. Reaction of Ph2PNHC6H4PPh2 with H20 2(aq), elemental 
sulfur or selenium led to the dioxidised species Ph2P(E)NHC6H4P(E)Ph2 (E = 
0, S or Se). The sulfur analogue, Ph2P(S)NHC6H4P(S)Ph2, upon reaction with 
Na2PdCl4 in ethanol or [PdCh(PhCN)2] in dichloromethane gave the neutral 
complex [PdCI {Ph2P(S)NC6H4P(S)Ph2-S,N,S}] in which the ligand acts as an 
anionic tridentate donor. Reaction of the Phosphorus (Ill) species, 
Ph2PNHC6H4PPh2, with [PtX2(cod)] (X = Cl, Br, I or Me), [PdCh(cod)], 
NiCh·6H20 and [Mo(CO)2(pip )2] led to the corresponding neutral chelate 
complexes and reaction with [PtCIMe(cod)] gave a mixture of chelate isomers 
in a 90:10 ratio. Treatment of [(RhCu-CI)(cod)h] with Ag[CI04] followed by 
addition of Ph2PNHC6H4PPh2 gave the cationic complex 
[Rh{Ph2PNHC6H4PPh2-P(N),P}(cod)][CI04]. Chloride bridge cleavage of a 
variety of aryl chloro-bridged dimers of Ru(II), Os(II), Rh(III) and Ir(III) in 
thf with Ph2PNHC6H4PPh2 gave neutral aminophosphine bound monodentate 
complexes. Ligand chelation of the [RhCh( 1]5 -C5Me5){Ph2PNHC6H4PPh2-
P(N)}] complex to give [RhCI(1]5-C5Me5){Ph2PNHC6H4PPh2-P(N)'P} ][CI] 
occurred upon dissolution in chloroform, whilst chelation of the Ru(II) Os(II) 
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and Ir(III) complexes was brought about by dissolution in the more polar 
solvent system 50:50 methanol/chloroform. Alternatively, chelation was 
induced by use of a halide abstractor such as Ag(I). A bridging mode of 
coordination was observed when Ph2PNHC6H4PPh2 was added to two 
equivalents of [AuCI(tht)] III dichloromethane yielding 
[Ph2P(AuCI)NHC6H4P(AuCI)Ph2]. 
The mono sulfide Ph2PNHC6H4P(S)Ph2 was prepared from 2-
(diphenylthiophosphino )aniline by sequential treatment with nBuLi and 
Ph2PCl. Reaction with H20 2(aq) and elemental selenium gave the mixed 
chalcogen species Ph2P(O)NHC6H4P(S)Ph2 and Ph2P(Se)NHC6H4P(S)Ph2 
respectively. The Ph2PNHC6H4P(S)Ph2 ligand behaved as a monodentate 
phosphorus donor upon reaction with [AuCI(tht)], [PtCh(cod)], [PdCh(cod)], 
[PtCIMe(cod)] and [PtMe2(cod)] yielding [Ph2P{AuCI}NHC6H4P(S)Ph2], cis 
and frans-[PtCh{Ph2PNHC6H4P(S)Ph2-Ph] in a 95:5 ratio, insoluble 
[PdCh {Ph2PNHC6H4P(S)Ph2-P}2], characterised as the cis isomer, frans-
[PtCIMe{Ph2PNHC6H4P(S)Ph2-Ph] and cis-[PtMe2 {Ph2PNHC6H4P(S)Ph2-
P}2] respectively. Reaction of Ph2PNHC6H4P(S)Ph2 with the chloro-bridged 
dimers [{PtCI(u-CI)(PMe2Ph)hJ, [{MCI(,u-CI)(1/-CsMes)}2] (M = Rh, Ir) and 
[{RuCI(,u-CI)(176-aryl)h] (aryl = C6H6, p-MeC6H4ipr and C6Me6) gave the 
mononuclear P-bound complexes cis-[PtCh {Ph2PNHC6H4P(S)Ph2-P}-
(PMe2Ph)], [MCh( ll-CsMes){Ph2PNHC6H4P(S)Ph2_P}] (M = Rh, Ir) and 
[MCh(176-aryl){Ph2PNHC6H4P(S)Ph2_P}] (aryl = C6H6, p-MeC6H4ipr and 
C6Me6) respectively. The di-cationic P-S chelate complexes cis and frans-
[pt{Ph2PNHC6H4P(S)Ph2-P,S}2][CI04]4 were prepared in a 95:5 ratio by 
treating the cis and frans dichloride mixture with two equivalents of Ag[CI04] 
in dichloromethane, the frans isomer of which has been crystalIographicalIy 
characterised. The mono-cationic P-S chelate specIes cis-
[PtCI {Ph2PNHC6H4P(S)Ph2-P,S} (PMe2Ph)] [CI04], frans-[PtMe{Ph2PNHC6-
H4P(S)Ph2-P} {Ph2PNHC6H4P(S)Ph2-P,S} ][CI04] and [RhCI(17s -CsMes)-
{Ph2PNHC6H4P(S)Ph2-P,S} ][CI04] were prepared by the addition of a single 
equivalent of Ag[CI04] to the corresponding neutral chloride complex. 
Treatment of liquid ammonia at -78°C (cardice/acetone) with carbon 
disulfide gave a solution containing [S2C=S]2- anions. The addition of a series 
4 
of platinum or palladium bis-phosphine, dichloride complexes to [S2C=S]2-
solutions gave the corresponding trithiocarbonate species, a number of which 
were crystallograpically characterised. A thf solution of [Se]2- anions at -
78°C, prepared from elemental selenium and two equivalents of 
tetrabutylammonium borohydride [CH3(CH2)J]4NBH4, when treated with a thf 
solution of carbon disulfide gives a bright pink solution containing 
[SeSC=S]2- amons which react [PtCh(PR3h] complexes to give the 
corresponding selenodithiocarbonate complexes. [Pt(PMe2Ph)2SeSC=S] and 
[Pt(dppp)SeSC=S] were prepared and characterised by traditional methods, 
the dppp analogue was also characterised by single crystal X-ray diffraction. 
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tht tetrahydrothiophene, C4HsS 
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GENERAL EXPERIMENTAL CONDITIONS 
Unless otherwise stated, manipulations were performed under an 
oxygen-free nitrogen atmosphere using standard Schlenk techniques. All 
solvents and reagents were purchased from Aldrich, BDH and Lancaster and 
used as received. Diethyl ether, light petroleum and thf were purified by 
reflux over sodium-benzophenone and distillation under nitrogen. Toluene 
was purified by reflux over sodium and distillation under an atmosphere of 
nitrogen. Dichloromethane and acetonitrile were heated to reflux over 
powdered calcium hydride and distilled under nitrogen. Chloroform (99 atom 
% D) was washed with basic alumina before use, CD2Ch (99.6+ atom D), d6-
dmso (99.5+ atom D), ds-toluene (99+ atom D) and C6D6 (99.6 atom D) were 
used as received. 
Infra-red spectra were recorded as KBr pellets in the range 4000-220 
cm-
l 
on a Perkin-Elmer System 2000 Fourier-transform spectrometer, lH 
NMR spectra (250 MHz) on a Bruker AC250 FT spectrometer with 8 
referenced to external SiMe4 and 3lpeH} NMR spectra (36.2 or 101.3 MHz) 
either on a lEOL FX90Q or Bruker AC250 FT spectrometer with 8 referenced 
to external H3P04. Microanalyses were performed by the Loughborough 
University Service within this department and fast atom bombardment (FAB) 
mass spectra by the Swansea Mass Spectrometer Service. 
We are grateful to 10hnson Matthey PLC for the loan of precious metal 
salts. 
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CHAPTER 1; INTRODUCTION 
1.1 An introduction to hemilabile ligands. 
Metal complexes containing hybrid ligands with soft (phosphorus) and 
hard (nitrogenl or oxygen2) donor atoms have, in recent years, received much 
attention. This attention is based upon the coordination properties of the 
different donor atoms. Although these ligands are capable of forming chelate 
complexes, one donor atom is strongly bound. to the metal and is inert to 
substitution, the second is weakly bound and, as such, is substitutionally 
labile. Ligands of this type have been termed hemilabile ligands3 and have 
been shown to be useful in homogeneous transition metal catalysis, small 
molecule activation, chemical sensors and the stabilisation of reactive, 
unsaturated transition metal species. Effective catalysts may be generated 
from complexes prepared using ligands of this nature via displacement of the 
weak donor atom by an incoming substrate molecule, thereby forming a 
reactive intermediate. In addition, the substitutionally inert portion of these 
hybrid ligands keeps them bound to the metal so recoordination of the weak 
donor atom can occur by displacement of the transformed substrate molecule. 
1.2 Synthesis of pyridylphosphine ligands. 
The most widely studied of all PN donor ligands and complexes 
thereof are the pyridylphosphines. The first reported pyridyl phosphine 
synthesis was in 1944 by Davies and Mann4 and involved treatment of 
phenyl( 4-bromophenyl)chlorophosphine with (2 or 3)-pyridylmagnesium 
bromide to give 2- {phenyl( 4-bromophenyl)phosphino} pyridine 1 or the 3 
isomer 2 in 5 and 7% yields respectively (Equation 1.1). 
0~ y # 
'x MgBr 
... 
1 ex = N; Y = CH) 2 ex = CH; Y = N) 
Eqn 1.1 
17 
This synthetic procedure was extended to the preparation of the tri-2-pyridyl-
phosphine 5 (13%) from PCl) and in 19485 to the synthesis of di-2-(phenyl-
phosphino )pyridine 4 and 2-( diphenylphosphino )pyridine 3 (Figure 1.1). 
n 3-n 
3 (n = 1) 
4 (n = 2) 
5 (n = 3) 
Fig 1.1 Mono, di and tri-2-pyridyl substituted phosphines. 
Significant improvements in yields were had by treatment of halophosphines 
with 2-lithiopyridines at low temperature (-65 to -100°C). This is exemplified 
by the resynthesis of 5 using the modified procedure which resulted in a tri-2-
pyridylphosphine yield of 66%.6 Phosphines 6, 7,87 and 98 were prepared by 
reaction of PCl) or MePCh with the appropriate pyridyllithium species 
(Figure 1.2). 
Br p p p 
3 
3 3 
6 7 8 
QD 
N P N 
I 
Me 
9 
Fig 1.2 Pyridylphosphines generated by reaction of halophosphines with 2-
lithiopyridines. 
The first example of direct nucleophilic substitution by metal 
phosphide on a halopyridine was reported9 in 1965 when 9-chloroacridine was 
treated with KPPh2 in dioxane giving phosphine 10 in 48% yield (Equation 
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1.2). This general procedure has been extended to the preparation of 
Cl 
KPPh2 
() 
o Eqn 1.2 
numerous phosphine substituted pyridines as well as their a-phosphinomethyl 
derivatives resulting in a wide range of potentially poly-dentate phosphorus 
nitrogen donor ligands (Scheme 1.1). In 1966, Uhlig and Maaser described 
the synthesis of 1-( diphenylphosphino )-2-(2-pyridyl)ethane 11 15 which 
involved the insertion of an ethylene (CH2h unit into the P-H bond of 
diphenylphosphine catalysed by the addition of glacial acetic acid (Equation 
1.3). Phosphine 11 along with P(CH2CH2PyhPh and P(CH2CH2PY)3 have also 
cat. AcOH 
Eqn 1.3 
been prepared l6 using a method described by King et al17 involving the base-
catalysed addition of P-H bonds to 2-vinylpyridine. The potentially tridentate 
ligand P(CH2CH2PY)2Ph was also synthesised by DuBois and co-workers l8 via 
the free-radical addition of PH2Ph to 2-vinylpyridine in the presence of AIBN 
as an initiator under ultra-violet irradiation. 
1.3 Coordination chemistry of 2-(diphenylphosphino)pyridine. 
Although an extensive range of pyridylphosphines have been prepared 
and characterised, it is the simplest of these, 2-( diphenylphosphino )pyridine 
(Ph2Ppy) that has received most attention. 19 Structurally, it is very similar to 
the widely used triphenylphosphine (Ph3P) ligand and, as such, should be 
capable of substitution for Ph3P in the numerous complexes of this ligand. 20 
Monodentate P-bound Ph2Ppy complexes are generally prepared by standard 
19 
p--s 
Br Br VQ 
Br Br 
M 
Br Br 
[14] FMF [12, 13] Q~ MP~ ·U M=NaorLi (lCI R=PhorMe 'N PPh2 Phl N PPh2 
"A" 
[8] (lCI 
Cl Br Br N PMe2 
Ph2P PPh2 
Scheme 1.1 Synthesis of some phosphine substituted pyridines. References 
in square brackets. 
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substitution reactions from metal carbonyls/I.26 metal 0Iefins,27.29 metal 
nitriles/o.33 but can also be generated by reaction with hydrated metal 
chlorides such as NiCh'6H20 in the presence of zinc powder. 34 A further 
well established route to P-bound mononuclear Ph2Ppy complexes IS VIa 
cleavage of halide-bridged binuclear complexes8,2o,27,3s.38 (Equation 1.4) 
Eqn 1.4 
Despite the inherent strain associated with the formation of four membered 
metallacycles, a number of mononuclear Ph2Ppy chelate complexes have been 
reported. A common preparative route to compounds of this type is by 
treatment of P-bound Ph2Ppy complexes with halide abstractors27.29,32 
Eqn 1.5 
(Equation 1.5). Chelate complexes have also been prepared by 
straightforward addition of Ph2Ppy to [UCh( ll-Cp)] in thf or substitution of 
the weakly bound solvent molecules of [U(BH4)3(thf)x] and 
[Rh(cod)(solv)2][X] (X = [CI04r, [PF6r) to gIve [UCh(175-Cp)(Ph2Ppy-
P,N)P9, [U(Ph2Ppy-P,N)2][BH4h39 and [Rh(cod)(Ph2Ppy-P,N)][X] (X = 
[CI04r, [PF6r)30 respectively. In addition, the reactions of [PdCh(PhCNh] 
and [PdCh(cod)] with equimolar quantities of Ph2Ppy gave rise to 
[PdCh(Ph2Ppy-P,N)po instead of the anticipated P-bound Ph2Ppy complexes. 
The bi-nuclear manganese carbonyl complex [Mn2(CO)g(Ph2Ppy-P,N)]40 was 
isolated from the reaction between Mn2(CO)1O and Ph2Ppy. The mononuclear 
complex [Ru(Ph2Ppy-P,N)(COh(CI)2PS was conveniently prepared by the 
addition of a saturated dichloromethane solution of chlorine to a 
dichloromethane solution of the cluster complex [Ru3(Ph2Ppy-P)3(COh] and 
was found to be a single isomer even though four geometrical isomers are 
possible. The molecular structures of a number of complexes containing 
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chelating Ph2Ppy ligands have been determined including [Ru(Ph2Ppy-
P,N)(CO)2(Clhp5, [PtCI(Ph2Ppy-P,N)(Ph2Ppy-P)] [Rh(COhCh]27 [PtMe(Ph2P-
py-P,N)(Ph2Ppy-P)][BPh4]29 and [U(Ph2Ppy-P,N)2][BH4b.39 Because of the 
small bite-angle of the Ph2Ppy ligand, all of the above complexes display 
considerable deviations from idealised geometry at their metal centres. The 
P-M-N angles in the two Pt(II) and the Ru(II) complexes are compressed 
from the ideal value of 90° to approximately 70°. The P-U-N angles III 
[U(Ph2Ppy-P,N)2][BH4b undergo further compression to 52.8° as a 
consequence of the two equatorial tridentate BH4 groups. Significant angular 
compression is also evident within the four-membered P-C-N-M chelate 
rings. The P-C-N [101.3-104.1°] and the C-N-M [103.1-106.0°] angles of the 
platinum and ruthenium complexes are all considerably less than the ideal 
120°. Moreover, in the two platinum complexes the P-C bond lengths of the 
chelating ligands are appreciably longer than those of the monodentate P-
bound ligands. Because of ring strain, complexes possessing chelating 
Ph2Ppy ligands are unstable and readily undergo ring opening reactions by 
displacement of the more weakly bound pyridyl nitrogen atom (Equation 
1.6).35 The addition of a second metal to a complex containing chelating 
Eqn 1.6 
Ph2Ppy may result in the formation of a binuclear species with a Ph2Ppy 
bridging ligand as demonstrated by Faraone and co-workers30 (Equation 1.7). 
i'rPPh2 ~~--L-CI 
I 
Cl 
[{Rh(u-CI)( cod)} 2] 
~ 
Q 
~ N PPh21 ~ / \ "C Rh /Pd / 'Cl 'cl Eqn 1.7 
1.4 Synthesis of homo and hetero-binuclear complexes of Ph2Ppy. 
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The synthesis and study of hetero-binuclear transition metal complexes 
is an important area of investigation in organometallic chemistry. In general, 
bimetallic species are of interest as the close proximity of the two metal 
atoms may greatly modify their reactivity, particularly so for mixed-metal 
systems. With this in mind, Ph2Ppy has been shown to be a convenient 
building block for the stepwise construction of bimetallic speCIes. In 
addition, the rigidity of the short-bite Ph2Ppy ligand means that upon 
formation of a bimetallic species, the two metal centres are forced close 
together resulting in a metal-metal bond. As previously discussed, reaction 
of 2-( diphenylphosphino )pyridine with many transition metals, results in 
mononuclear complexes with mono dentate P-bound Ph2Ppy ligands. One 
would expect that the addition of a second metal would result in its capture 
by coordination through the uncoordinated pyridine atoms. An early 
experiment designed to test this hypothesis involved the addition of 
[PdCh(cod)] to bis[2-diphenylphosphino)pyridine]rhodium(l) carbonyl 
chloride 12.37 Characterisation of the isolated product 1320 by 3lpeH} NMR 
and a single crystal X-ray study revealed that a more complicated reaction 
than the predicted straightforward complexation through the pyridyl nitrogen 
atoms had taken place (Equation 1.8). 
Q 
QC N PPIlz 
-'\ I I [PdC1zC cod)] 
CI-Rh-Pd-CI ....... E-----
I '\ I P~Pb 
14 
Eqn 1.8 
Firstly, the rhodium atom had undergone oxidative addition of a palladium-
13 12 
chlorine bond, so, formally, the bimetallic complex can be considered as an 
Rh(II) Pd(I) species. Secondly, the orientation of the Ph2Ppy ligands had 
changed, meaning that metal-phosphorus bond breaking and reformation had 
taken place. The homonuclear di-rhodium species 1437 was prepared by the 
addition of 1/2 a molar equivalent of the chloride bridged dimer [{Rh(,u-CI)-
23 
(CO)2h] to 12, and features a bridging carbonyl group as well as the same 
head-to-tail type arrangement of Ph2Ppy ligands as 13. In addition to the two 
arrangements of Ph2Ppy ligands already mentioned, namely A and B, a third 
(C - in which the phosphorus atoms are both bound to M') is possible for 
hetero-binuc1ear complexes of this type (Figure 1.3). 
p~pl) ~PPh' (lpp~ I I I I I I 
M M' M M' M M' I I I I I I P~Pl) ~Pl) ()PPh, 
1/ 
AHH(M) BHT CHH(M') 
Fig 1.3 Possible ligand configurations in bimetallic Ph2Ppy complexes. 
An important aspect of binuclear Ph2Ppy complex chemistry is their 
potential for small molecule activation, for example, dinitrogen and nitrile 
that are particularly difficult to reduce. A catalytic species containing two or 
more metal centres has potential advantages over a catalytic species with a 
single metallic centre. The first may act to bind the substrate molecule and 
the second remove or supply electrons as required to the binding site. 
Numerous binuclear Ph2Ppy species containing bridging carbonyl ligands 
have been reported24,34,37,41.46 as well as several with bridging alkenes and 
sulfur dioxide. Treatment of [Rh2(,u-Ph2PpY)2(,u-CO)Ch] 14 with either S02 
or alkynes, with electron with-drawing groups such as (R = C02CH3), results 
in displacement of the bridging carbonyl group and formation of species with 
a bridging S02 ligand [Rh2(,u-Ph2Ppyh(,u-S02)Ch] 1737 and a species with a 
bridging alkyne in the ,u-1] 2_11 (cis-dimetallated olefinic) bonding mode 
[Rh2(,u-Ph2PpY)2(,u-CH302C=C02CH3)Ch] 15,24,47 The dinuc1ear palladium 
species [Pd2(,u-Ph2PpY)2(,u-RC=CR)Ch] (R = C02CH3) 1647 and the 
tetranuc1ear rhodium species [{ (1]5 -C5H5)Rh(,u-RC=CR)(,u-Ph2Ppy)Rh(CO)(,u-
Cl) h] (R = C02CH3, C02CH2CH3) 1848 (Figure 1.4) were also prepared from 
activated alkynes, by addition, to [Pd2(,u-Ph2PpyhCh] and the dinuc1ear 
24 
rhodium complex [( ll-CsHs)Rh(,u-CO)(u-Ph2Ppy)Rh(CO)CI] respectively. In 
complexes 16 and 18, it has been reported that the bridging acetylenes are 
bound in the same dimetallated olefinic binding mode as that reported for 
complex 15. Mague also reported that the Palladium-Palladium bond 
observed in the starting material [Pd2(,u-Ph2PpyhCh] is not evident in the 
alkene bridged product 16. 
15 
18 
~PPh' 
I ° I C)-r~::::r-C) 
Ph2PD
o N~ 
. I 
/ 
17 
Fig 1.4 Bi and tetrametallic Ph2Ppy complexes with small molecule bridges. 
Since Balch et al initiated work on the chemistry of Ph2Ppy in the 
early 1980s, many structurally diverse species (including cluster compounds 
of osmium and ruthenium [Scheme 1.2]) have been explored. The room 
temperature reaction of [OS3(CO)IO(MeCNh] and Ph2Ppy in dichloromethane 
gave two major products: [OS3(CO)IO(,u-Ph2Ppy)], which reportedly 
undergoes pyridine transfer between two Os atoms; and [OS3(CO)11 (Ph2Ppy-
P)], which were separated by TLC.49 Balch and co-workers reported that 
reaction of triruthenium dodecacarbonyl with a threefold excess of Ph2Ppy in 
refluxing methanol gave [Ru3(CO)9(Ph2PpY)3] 20 in 73% yield. 14 The 
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selective and quantitative preparation of the monosubstituted ruthenium 
cluster [Ru3(CO)II(Ph2Ppy)] 19 using a catalytic (sodium benzophenone ketyl 
or [PPN]CN) as opposed to a thermal reaction route was reported by Lugan et 
al. 50•51 The monosubstituted complex 19 was found to be metastable and 
underwent slow converSIOn III solution at 25°C to [RU3 {,u-ll-
C(O)(C6HS)} {,u 3-1l-p(C6Hs)(CsH4N)}(CO)9] 22. The bridging acyl group is 
believed to be formed via the oxidative cleavage of a P-C bond, resulting in 
an intermediate with a a-bonded aryl group, which then undergoes migratory 
CO insertion to give 22. Complex 22 was also found to exhibit high 
reactivity under mild conditions, as illustrated by its reaction with phosphines 
at room temperature to gIve 
P(C6Hs)(CsH4N)}(CO)8(L)] (L = PPh3, PPh2H and PCY2H) 21. Reaction of 
molecular hydrogen with 22 in solution led to the removal of the ,u -acyl 
group and formation of the monohydrido species [RU3(,u-H){,u 3- 1l-p (C6HS) 
(CSH4N) }(COh] 23. 
OC co co co OC co co co OC co co co 
'" 1 co 1/ (i) '" 1 CO 1/ (ii) '" 1 CO 1/ pyPh2P-Ru-t-Ru-CO ~ OC-Ru-t-Ru-CO ~pyP~P-Ru-t-Ru-PP~py 1"'-1/1 1"-1/1 1"'-1/1 C~i\ CO c<?'i\ CO C~i\ CO 
oc CO CO ~(iii) OC CO CO OC CO PP~py 
19 ~ 20 
o /Ph 0 /Ph 0 /Ph ~-~P ~--~P ~--~P (CO)'R~~\ 4 (;v) (CO),RV\ (v) b (CO),R~~\ 
o '\ 0 "H/ 
(CO)3)= J,U(CO)2 (CO)3)= ,U(CO)3 (CO)3Ru--Ru(CO)3 
L 
Ph Ph 
21 22 23 
Scheme 1.2 (i) Ph2Ppy, [PPN]CN or sodium benzophenone ketyl, thf, (25°C). 
(ii) 3 Ph2Ppy, MeOH, reflux. (iii) 2 days at 25°C or 2 hours at 40°C, thf. (iv) 
L (30°C), thf. (L = PPh3, PPh2H or PCY2H). (v) H2 (80°C), thf. 
1.5 2-(Diphenylphosphino)pyridine complexes as catalysts. 
As the platinum group metals are scarce, and, as such expenSIve, 
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studies based upon finding cheaper alternatives to established noble metal 
catalysts such as Rh(PPh3)3CI are an important area of research. With this 
aim in mind, many heterobinuclear complexes with Ph2Ppy bridging ligands 
have been prepared and tested. The carbonylation of ethanol to form ethyl 
propionate has been studied by Zhang and co-workers43 using a series of iron 
based heteronuclear systems. These include [FeMo(,u-Ph2PpY)2(CO)6], 
[FeNi(,u-Ph2PpY)2(CO)3(NCS)2], [FeRh(,u-Ph2Ppy)z(COhCI] and [FeCu(,u-
Ph2Ppy)z(CO)3CI]. Comparison of the catalytic behaviour of Rh(PPh3)3CI to 
that of [FeRh(,u-Ph2Ppy)z(CO)4CI] at various temperatures showed that at 
200°C the mixed iron-rhodium species is superior to Rh(PPh3)3CI in both % 
conversion of ethanol (99.6% compared to 96.4% for Rh(PPh3)3 CI) and % 
selectivity (98.6% for ethyl propionate, 1.4% for ethyl ether compared to 
67.7% and 32.3% respectively for Rh(PPh3hCl). Other potential applications 
including olefinic hydroformylation52 and carbonylation of methanop3 have 
also been investigated. Zhao et al have reported that the mixed metal 
palladium-molybdenum Ph2Ppy bridged species [PdMo(,u-CO)(,u-
Ph2PpY)2(CO)2Clz] can be effectively 'heterogenised' by linking to 
polystyrene resin at the 4-position on the pyridine ring. The immobilised 
catalyst shows a similar % conversion of the substrate (1,5,9-
cyc1ododecatriene) but poor selectivity, by comparison to the corresponding 
homogeneous catalyst [PdMo(,u-Ph2PpY)2(,u-CO)(CO)zClz]. 54 
1.6 Coordination chemistry of other bridging pyridylphosphine ligands. 
Use of the potentially tridentate PNP ligand 2,6-bis(diphenyl-
phosphino )pyridine has allowed the synthesis of a number of bi, tri and 
tetranuclear complexes. Reaction of (Ph2P)2PY with a variety of platinum and 
palladium precursors gave four structurally diverse complexes (Scheme 1.3). 
The solution stable, non-planer, eighteen membered ring, trimeric species, 
cis ,cis ,trans- [Pd3 {,u-(Ph2P)2PY hX6] 24 (X = Cp5,56 or Br56) were readily 
prepared from (Ph2P)2PY and [PdClz(cod)] or [PdClz(PhCN)z] (where X = Cl) 
and [PdBr2(cod)] (where X = Br). Additional (Ph2P)2PY was added to 
cis,cis,trans-[Pd3 {,u-(Ph2P)2PyhCI6] 24 and was expected to catalyse any 
thermodynamically favoured isomerisation in an attempt to form one of the 
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other three possible isomers (cis,cis,cis, trans,trans,trans or cis,trans,trans). 
Examination of the reaction mixture by 31peH) showed that the cis,cis,trans-
trimer 24 was in equilibrium with the monomeric species [Pd{(Ph2Phpy}Ch] 
2556 (geometry not reported). The twelve-membered, metal acyclic dimers, 
cis ,cis-[Pt{,u-(Ph2P)2PY hCl4] 26 and trans ,trans-[Pt[,u-(Ph2Phpy h14] 27 were 
prepared by the addition of an equimolar quantity of (Ph2P)2PY III 
dichloromethane to solutions of [PtCh( cod)] and [Pth( cod)] respectively. 56 
('I Ph ~I " Ph 
Ph" A,.A /Ph Ph,IA,.AI/Ph 
Ph-IP N PI-Ph Cl" /p N P,,- /CI 
Pt Pt 
I-Pt-I I-Pt-I CI/ " p( 'Cl 
/ [PtIz(cod)] [PtClz(cod)] 27 
26 
n PhzP N PPhz 
X = Cl, [PdClzCC0;tYd)] or 
[PdClzCPh CN)z] 
X = Br, [PdBrzCcod)] 
Ph X Ph 
Ph,1 1 I/Ph 
I " P-1d-P I " N X N / 3 U 
Ph,P N..... PPh, .. 
Ph/I I # !'Ph 
X-Pd-P N P-Pd-X 
1 I" /1 1 
X Ph Ph Ph Ph X 
24 
Pd[ (PhzP)zPY] CI2 
25 
Scheme 1.3 Palladium and platinum complexes of (Ph2P)2PY. 
A number of rhodium 2,6-bis( diphenylphosphino )pyridine complexes 
have been prepared and structurally characterised (Scheme 1.4). The reaction 
of stoichiometric quantities of [{Rh(,u-Cl)(COhh] and 2,6-bis(diphenyl-
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phosphino)pyridine gave the 12 membered metallacycle, [Rh2(COhCh[,u-
(Ph2P)2Pyh] 2857 , which consists of two trans-CI-Rh-CO units bridged by 
the phosphorus atoms of two (Ph2Phpy ligands. The molecule undergoes 
further reaction with tin(II) chloride to afford the tetra-metallic species 
[Rh2Sn2(CO)2CI6[,u-(Ph2P)2Pyh] 29. 57 The insertion of a tin atom into the 
open central coordination cavity between the pyridyl nitrogens occurs in 
conjunction with the oxidative addition of a tin-chlorine bond to a rhodium 
atom. The second tin atom is bonded to a rhodium atom as an SnCh unit. An 
attempt to insert a central rhodium atom into the open coordination cavity of 
(iv) 
.. • 
(v) 
30 31 
Scheme 1.4 (i) SnCh, C6H6, reflux 2h. (ii) 1 NaI 2 Na[BPh4]. (iii) [{Rh(,u-
CI)(CO)2h]. (iv) CO, MeOH, NH4[PF6] (v) [{Rh(,u-CI)(CO)2h], [nBU4N]Cl. 
29 
complex 28 by reaction with [{Rh(,u-CI)(COhhl resulted in a bridging 
ligand rearrangement and formation of the tetranuclear cluster [Rh4[,u-
(Ph2P)2Pyh(,u-CO)(CO)2(,u-CI)2Ch] 3055 in which each ligand bridges three 
rhodium atoms. The molecule displays a central bridging carbonyl group and 
two semi-bridging chlorine atoms. Treatment of a chloroform solution of 30 
with carbon monoxide, followed by the addition of a methanolic solution of 
NH4[PF 6], yields the bimetallic, cationic, twelve-membered, metallacycle 
[Rh2[,u-(Ph2P)2PY h(CO h(CH30H)CI ][PF 6] 31 58 , where ligand reorganisation 
results in elimination of the well known [Rh(CO)2Chr and [{Rh(,u-
CI)(CO)2h] rhodium species. This ligand rupture and realignment reaction is 
reversible, as treatment of 31 with [{Rh(,u-CI)(CO)2hl and 
tetrabutylammonium chloride in chloroform regenerates the tetranuclear 
species 30. 58 A related rupture/realignment type reaction occurs when 28 is 
treated with a methanolic solution of sodium iodide, followed by sodium 
tetraphenylborate in the same solvent. The isolated cationic bimetallic 
species [Rh2Lu-(Ph2Phpyh(,u-CO)(,u-I)][BPh4] 3259 is essentially an eight-
membered head-to-tail dimer which is closely related to the previously 
discussed bimetallic Ph2Ppy species [Rh2(,u-Ph2Ppyh(,u-CO)Ch] 14. The 
rhodium atoms are bridged by one phosphorus and the nitrogen atom of each 
ligand. The phosphorus atom of each (Ph2P)2PY ligand not involved in 
bridging the metal centres are coordinated to rhodium atoms forming 
strained-four membered chelate rings. More recently, the synthesis and 
crystal structure of the luminescent, binuclear, three-coordinated gold(I) 
species [Au2[(Ph2Phpyh][CI04h 3360 (Figure 1.5) has been reported. 
M = Au, X = [CI04], 33 
M = Cu, X = [PF6], 34 
i[Xh n i[PF6]2 I # ~P~P N PPh ~ ~N",--I I,}N ~ 
Cu Cu ~N/ I I """'N ~ 
1/ 
35 
Fig 1.5 Bimetallic gold (I) and copper(I) complexes of (Ph2Phpy. 
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The isostructural trigonally coordinated copper(I) speCIes 
[Cu2[(Ph2Phpyh][PF6h 34 and a four coordinated copper(I) bimetallic 
species containing two bridging 2,6-bis( diphenylphosphino )pyridine ligands 
and two 2,2-bipyridine ligands, with irregular tetrahedral geometry at copper 
[Cu2[(Ph2Phpyh(bipyh][PF6h 35 have also been reported (Figure 1.4).61 
In a series of papers Pignolet et al described the synthesis,62 which was 
previously prepared via a similar method,63 and coordination chemistry of the 
non-rigid PNP ligand 2-[bis( diphenylphosphino )methyl]pyridine 
(Ph2P)2CHpy 35 which contains two phosphorus donor atoms and a 
potentially labile pyridyl group (Scheme 1.5). Treatment of [{IrCu-
CI)(cod)}2] and [{RhCu-Cl)(nbd)h] with Ag[BF4] or Ag[PF6], followed by 
filtration and addition of (Ph2PhCHpy to the filtrates, gave 
[Ir(PNP)(cod)][BF4] 3764 and [Rh(PNP)(nbd)][X] (X = [BF4r, [PF6r) 41 62 in 
which the (Ph2P)2CHpy ligand is tridentate. This was verified by a single 
crystal X-ray study of 41 and by examination of the v(pyCN) stretching 
frequency of both 37 and 41, which provides direct evidence regarding 
pyridyl coordination. The tridentate iridium complex 37 is the precursor for a 
series of homo-bimetallic species. Reaction of 37 with carbon monoxide in 
acetone gives the pp bridged species [Ir2Cu-CO)(CO)2Cu-PNPh][BF2h 3864 
which contains one bridging and two terminal carbonyl groups. The bridging 
carbonyl was successfully removed (by purging an acetone solution of 38 
with N2 to remove excess carbon monoxide) to give [{Ir(CO)Cu-
PNP)h][BF4h 39.64 The mono-cationic species [Ir2Cu-I)(CO)2(,u-PNP)2][BF4] 
4064 was generated by the addition of [nBu4N]I to an acetone solution of 39. 
Like the tridentate iridium complex 37, the equivalent rhodium complex 41 
was found to be a convenient building block for the preparation of homo-
binuclear species. Reaction of CO with [Rh(PNP)(nbd)][X] (X = [BF4r , 
[PF6r) 41 62 gave the pp bridged di-rhodium complex [{Rh(CO)(,u-
PNP)h][Xh (X = [BF4r , [PF6r) 4262, which is isostructural with the iridium 
complex 39. A rhodium species with a bridging carbonyl group Cl la [Ir2(,u-
CO)(COhCu-PNP)2][BF2h 38 was not found in the reaction mixture. The 
neutral species [Rh2Cu-S)(COh(,u-PNP)2] 4362, featuring a sulfide bridge and 
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unbound pyridyl groups (lR evidence), was prepared by the addition of dry 
Na2S to a methanol solution of 38. The monomeric rhodium complex cis-
[[Rh[(Ph2PhCHpy-P,N](CO)CI] 436\ in which one of the phosphorus atoms 
is uncoordinated e1peH} NMR evidence) was prepared from 41 and 
tetraethylammonium chloride monohydrate. A number of structurally diverse 
hetero-bimetallic complexes of rhodium with Pt(II), Ag(l) and Au(I), using 
2-[bis( diphenylphosphino )methyl]pyridine have been reported. The starting 
material for all of these complexes is the .cationic rhodium compound 
[Rh{(Ph2PhCHpy-P,PhHBF4] 45 65 in which the ligands are acting as 
bidentate phosphorus donors with pendent pyridyl groups. Complex 45 itself 
is prepared from 41 by addition of an equimolar quantity of (Ph2PhCHpy. 
Species 45 reacts with [M(PPh3)N03] (M = Au, Ag) to give the corresponding 
mixed metal, mixed cation ([BF4r and [N03r), dicationic species [RhM(,u-
PNPhHBF4HN03] (M = AU,65 Ag66) 47. The Molecular structure of the 
gold(l) derivative shows that both pyridyl groups are bound to the rhodium 
centre and is five coordinate whilst the gold centre is three coordinate with T-
shaped geometry. Reaction of [Rh{(Ph2P)2CHpy-P,PhHBF4] 45 (with the 
platinum(O) species [Pt(PPh3)C2H4] or the less reactive [Pt(PPh3)3] gave the 
unusual Rh-Pt species [RhPt(,u-PPh2)(,u-PNP)(Ph2PCH2Py)(PPh3)HBF4h 4666 
in high yield. Single crystal analysis revealed a bridging PPh2 group, formed 
via the P-Ph bond cleavage of a PPh3 molecule, and a chelating Ph2PCH2Py 
ligand, also formed via a P-C bond cleavage reaction of (Ph2P)2CHpy. The 
coordination geometry around the rhodium centre was reportedly 
approximately octahedral (RhP3N2Pt), whilst that of the platinum is very 
distorted square planer (PtP3Rh). The mixed gold rhodium species [RhAu(,u-
PNP)2HBF4][N03] 47 reacts irreversibly with carbon monoxide to form 
[RhAu(,u-PNP-P2,N)(,u-PNP-P2)(CO)2][BF4][N03] 48.66 Examination of the 
IR spectrum of 48 shows two terminal metal carbonyl v(CO) stretches and 
two pyridyl v(pyCN) stretches consistent with coordinating and non 
coordinating pyridyl behaviour. It is also suggested that the absence of large 
trans P-P couplings in the 31 p eH} NMR spectrum may be a consequence of 
fluxional behaviour within the molecule due to the rapid exchange of pyridyl 
groups. The addition of chloride or bromide ions, in the form of HCI or HBr, 
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Scheme 1.5 (i) [{Ir(u-Cl)(cod)h], Ag[BF4], 36. (ii) CO. (iii) Solution purged 
with N2. (iv) [nBU4N]I. (v) [{Rh(,u-Cl)(nbd) h], Ag[BF4], 36. (vi) CO. (vii) 
Na2S. (viii) [Et4N]CI·H20. (ix) 36. (x) [Pt(PPh3)zC2H4] or [Pt(PPh3)3]. (xi) 
[M(PPh3)N03], (M = Ag, Au). (xii) CO. (xiii) HX, (X = Cl, Br). In some 
cases the carbon atoms of the pyridine ring have been omitted for clarity. 
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to a solution of [RhAu(,u-PNP)z][BF4][N03] 47 resulted in the formation of 
[RhAu(,u-PNP)zX][BF4] (X = Cl, Br) 4966 which contains a gold halogen bond 
as evidenced by the large up-field shift (..do ~ 17 ppm) of the phosphorus 
atoms on Au in the 31peH} NMR spectrum. Formation of the gold-halide 
bond is accompanied by cleavage of the rhodium-gold bond and generation of 
a species containing square planer rhodium and trigonally coordinated gold(I) 
centres in which both pyridyl groups are coordinated to the rhodium atom. 
1. 7 Coordination chemistry of chelating pyridylphosphine ligands. 
Although the primary coordination mode of the pyridylphosphines 
discussed so far has been that of bridging, a substantial number have been 
prepared where the favoured mode of coordination is chelation. The 
pyridylphosphine 2-(diphenylphosphino)methylpyridine 50, which has a CH2 
spacer between the donor atoms was first reported by Uhlig and Schafer in 
1968.67 Neutral octahedral complexes of nickel(II) and cobalt(II) containing 
two bidentate PN-bound ligands of the type [M(Ph2PCH2Py-P,N)2(X)z] (M = 
Ni, X = NCS or Cl and M = Co, X = NCS, Cl, Br or I) were prepared. In 
addition the cationic species [Co(Ph2PCH2Py-P,N)2(CI04)][CI04] and 
[Ni(Ph2PCH2Py-P,N)2(X)]X (X = Br of I) which reportedly have coordination 
numbers of five, the cobalt example apparently having a ligating perchlorate 
function, were also prepared as was the planar, dicationic [Ni(Ph2PCH2PY-
P,N)2][CI04h species. The complexes were characterised on the basis of 
microanalytical data, magnetic susceptibility UV -vis spectroscopic and 
conductivity measurements. The ligand 50, in conjunction with others, has 
also been employed in the preparation of PN chelate chromium, molybdenum 
and tungsten hexacarbonyls.68 A kinetic study of the aforementioned 
molybdenum complexes revealed that reaction with carbon monoxide induced 
co" I~O :;;:=~~ co,,~ J')" + co ~ CO"~C0J')~ 
co/r--PY co/ I "'-p \ CO/ I "'-p \ 
CO I .......... Ph CO / \ / co / \ 
Ph Ph Ph Ph Ph 
Eqn 1.9 
pyridyl displacement to give the nng opened monodentate P-bound ligand 
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complex69 (Equation 1.9). 
Speigel and Stelzer reported the synthesis of a senes of PH-
functionalised phospanes with 2-methylpyridyl substituents and their 
subsequent use in the preparation of molybdenum complexes70 (Figure 1.6). 
Fig 1.6 Primary and secondary 2-methylpyridyl substituted phosphines. 
The coordination chemistry of 2-( diethylphosphino )methylpyridine 
(Et2PCH2PY) with nickel, cobalt, zinc and iron has also been explored by 
Uhlig and Schfifer and found to be similar to that of the diphenyl derivative. 71 
The reaction of Ph2PCH2Py 50 with norbornadiene molybdenum tetracarbonyl 
gave the PN chelate complex [Mo(Ph2PCH2Py-P,N)(CO)4] 51. 
P 
/ \ 
Ph Ph 
50 
C(~ CO ..&'"N I/co ':Mo 
p/ I ""CO 
Ph/I CO 
Ph 51 52 
54 
Fig 1.7 Molybdenum complexes of 2-( diphenylphosphino )methylpyridine. 
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The acetonitrile ligands of [(Jr-C3Hs)Mo(CO)z(CH3CN)2Br] were easily 
exchanged by 50 resulting in the formation of the chelate complex [(Jr-
C3Hs)(Ph2PCH2Py-P,N)Mo(COhBr] 52 which undergoes a reductive 
deallylation reaction with further 50 to afford the bis-chelate complex cis-
[(Ph2PCH2Py-P,N)2Mo(CO)z] 53. Reductive deallylation of 52 with 
triphenylphosphine yields the complex cis-trans-[(CO)z(PPh3)zMo-
(Ph2PCH2Py-P,N)] 5472 (Figure 1.7). The initial product of the photochemical 
reaction of 50 with a stoichiometric amount of iron pentacarbonyl is 
reportedly the mono-substituted P-bound product [(Ph2PCH2Py-P)Fe(CO)4] 
55. The di-substituted monodentate P-bound complex [(Ph2PCH2Py-
P)2Fe(CO)3] 56 was also formed in the same reaction and separated from 55 
by chromatography. The reaction was repeated and the reaction time was 
extended to 6 hours, as opposed to 1 hour, and the products separated by 
chromatography, yielding some 56 and a new complex in which the PN ligand 
was chelating [(Ph2PCH2Py-P,N)Fe(CO)3] 57. Under thermal conditions 50 
reacts with diiron nonacarbonyl to give a very sensitive red coloured 
compound which contains bridging carbonyl groups, formulated as 
[(Ph2PCH2Py)Fe2(CO)7] 58. A longer reaction time, but also the reaction of 
55 with diirion nonacarbonyl, gave a complex without bridging carbonyls 
[(Ph2PCH2Py)Fe2(CO)6] 5972 (Figure 1.8). 
Ph 
/ o:r-Ph =- ",CO N-Fe" 
# I 'CO 
CO 
55 57 
58 
Fig 1.8 Iron complexes of 2-( diphenylphosphino )methylpyridine. 
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The ethylene back-boned ligand 1-(diphenylphosphino)-2-(2-
pyridyl)ethane (Ph2PCH2CH2PY) was found to react with Ni(II), Co(II) and 
Zn(II) salts to form predominantly 1: 1 complexes of the type 
[M(Ph2P {CH2hpy-p ,N)(X)2], the exception being nickel perchlorate, which 
forms the bis-ligand dicationic species [Ni(Ph2P{CH2hpy-P,N)2][CI04h. The 
copper(I) species [Cu(Ph2P{CH2hpy-P,N)X] (X = Cl or Br) were also 
prepared. IS The complexation of Ph2PCH2CH2Py with palladium gave a series 
of compounds similar to those of nickel. 73 The addition of KCN to the 
aforementioned [Ni(Ph2P{CH2hpy-P,N)2][CI04h complex gave the neutral 
compound trans-[Ni(CN)2(Ph2P{CH2hpy-Ph] in which the pyridyl groups 
are uncoordinated. 74 Pignolet and co-workers examined the coordination 
behaviour of Ph2PCH2CH2Py with rhodium7s and iridium7s•76 and studied the 
catalytic decarbonylation of benzaldehyde with [M(Ph2PCH2CH2Py-P ,N)2] [X] 
(M = Rh, X = [BF4r and M = Ir, X = [PF6r) as catalysts. 
Rigo et at studied the reactivity of ruthenium77 and osmium78 
complexes of Ph2PCH2CH2Py towards a variety of potentially coordinating 
molecules. The convoluted solution chemistry of trans,cis,cis-
[RuX2(Ph2PCH2CH2Py-P,N)2] (X = Cl, Br or I) was found to be highly 
dependent upon the nature of the solvent and on the size of the halide. The 
analogous osmium complexes trans,cis,cis-[OsX2(Ph2PCH2CH2Py-P,N)2] (X 
= Cl or Br) 60 were found to exhibit equally complex solution chemistry. 
Reaction of 60 in dichloromethane at -20°C with CO, results in displacement 
of a ligating pyridine to give the kinetic products trans,cis-
[OsX2(CO)(Ph2PCH2CH2Py-P,N)(Ph2PCH2CH2PY-P)] (X = Cl or Br) 61. 
However, in polar solvents such as ethanol, Os-Cl bond cleavage is the 
61 60 62 
Eqn 1.10 
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favoured process, yielding the cationic species cis,trans-
[OsX(CO)(Ph2PCH2CH2Py-P,N)2][X] (X = Cl or Br) 62 (Equation 1.10). It 
was also observed that coordination of a series of small molecules such as 
P(OEth, PMe2Ph, pyridine and acetonitrile, occur without displacement of 
the chelating pyridyl groups. This clearly demonstrates how small alterations 
in reaction conditions can effect the hemilability of a ligand. Group 11 
Ph2PCH2CH2PY complexes of the type [M(Ph2PCH2CH2Py-P,N)2][PF6] (M = 
Cu, Ag) [Au(Ph2PCH2CH2Py-PhHPF6], and a product formulated as 
Au(Ph2PCH2CH2Py)PF6 have also been reported. 79 The tri and tetradentate 
ethylene back-boned ligands PhP(CH2CH2Pyh and P(CH2CH2PY)3 display 
both chelating and bridging coordination modes in a series of complexes 
derived from organometallic palladium precursors. 16 
Tani and co-workers80 have examined the effect of increasing the chain 
or spacer group length between the pyridyl and phosphino donor atoms in 
terms of its effect on coordination. Three pyridylphosphines were prepared 
o-Ph2PC6H4CH20(CH2)nPY (n = 1-3) 63 and reacted with equimolar quantities 
of Na2[PdCI2] or [PdCh(PhCNh]. Their findings showed that the cis isomer 
predominated when n = 1, 64 and when n = 2 or 3, a mixture of trans isomer 
~ouO (P,,- /CI pX)1 Pd /Pd" / " N Cl Cl N 
PPh (n = 1-3) (n = 1) (n = 2 or 3) 2 
63 64 65 
(\ (\ 
Cl P N N P",- /1 Cp ......... 1 "Cl, "Cl, .... :) I/CI I/CI 
/Pd ...... Pd ...... Pd Pd Pd M N ..... CI ..... CI I ...... p cl/I cl/I CI/ "'-Cl U P N U 
(n = 2 or 3) (n = 3) CM = Pt, Pd; n = 3) 
66 67 68 
Fig 1.9 Pd and Pt reaction products of o-Ph2PC6H4CH20(CH2)nPY (n = 1-3). 
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65 and an unusual chloro-bridged trimetallic specIes, 66 were obtained. 
Thermal isomerisation of 65 (when n = 3) yielded a dinuclear PN bridged 
species 66. Reaction of two equivelents of o-Ph2PC6H4CH20(CH2)3PY with 
Na2[PdCI4] or K2[PtCI4] gave trans-[MCh{o-Ph2PC6H4CH20(CH2)3PY}] 67 
(Figure 1.9). 
The rigid tridentate PNP ligand 2,6-( diphenylphosphinomethyl)-
pyridine 62 was clearly not designed with hemilability in mind and generally 
reacts to form 1: 1 complexes, and was first used in a study on the magnetic 
cross-over point in five-coordinate complexes of iron(II), cobalt(II) and 
nickel(II).81 The Ni(II) complexes [Ni(PNP)X] [Y] (X = Cl or Br, Y = Cl or 
CI04) were assessed as potential homogeneous catalysts for the water-gas 
shift reaction. 82 The same group published a succession of papers illustrating 
the versatility of 2,6-(diphenylphosphinomethyl)pyridine 69 as a ligand. 83-87 
More recently, the synthesis and characterisation of several ruthenium 
complexes was described by Osborn and co-workers. The product obtained 
was dependent upon the reaction conditions. Refluxing a small excess of 2,6-
(dipheny I phosphinomethy I )pyridine 69 with rutheni um(II) tris-
(triphenylphosphine)dichloride in dichloromethane gives 70, whist in 
acetonitrile, 71 is the sole product. It was also observed that upon standing 
for 24 hours, in CDCh, 71 undergoes a quantitative conversion to 70 
(Equation 1.11).88 
69 
Me 1+ 
I1I 
c=Jl 
~~~ 
Phl-Ru-PPh2 
l\pph3 
Cl 
71 
Eqn 1.11 
A number of other polydentate ligands containing purely pyridine and 
phosphine functionalities have been studied. For example, HeJ3ler et al89 
examined the coordination properties of a number of P-P-N 72, P-P-P-N 73 
and P-P-N-N 74 ligands (Figure 1.10). The phosphanes of type 72 reacted 
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with NiBr2'3H20 and K2[MCI4] (M = Pd, Pt) to form square planar Ni(II), 
Pd(II) and Pt(II) complexes of composition [MX(72)][X] 75 (Figure 1.11). 
With [{Rh(,u-CI)( cod) h] the same ligands also act as tridentate PPN donors 
to give distorted square planar neutral species (confirmed by a single crystal 
X-ray study) of composition [Rh(72)CI]. 
Cm = 2; R' = Ph or H, R = tBu) 
72 Cm = 2; R' = Me, R = Ph or iPr) 73 
Cm = 1; R' = R = Ph) 
0. Me M~I" ~~T~I~I # N P P N 
74 
Fig 1.10 Polydentate pyridylphosphine ligands. 
The tripod type phosphane 73 reacts with NiBr2'3H20 and K2PdCl4 to form 
five-coordinate square pyramidal complexes [MX(73)][X] (M = Pd, X = Cl 
and M = Ni, X = Br) 76 (Figure 1.11) in which the pyridyl group occupies the 
apical position of the pyramid. The palladium complex [PdCI(74)][CI] 
reportedly reacts in a reversible fashion with PEt3 by displacement of the 
pyridyl group 77 (Figure 1.11). 
" IX 
I # 
/M" Ph-r X 
Ph 76 
Fig 1.11 Group 10 metal (dB) complexes of poly dentate pyridylphosphines. 
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The tetradentate ligand 74 forms complexes of composition [MX2(74)], the 
palladium and platinum chloride analogues of which show dynamic behaviour 
by exchange of the terminal pyridyl groups (Equation 1.12). 
Eqn 1.12 
1.8 Coordination chemistry of poly functional pyridylphosphine ligands. 
Unsymmetrical trifunctional ligands containing phosphino, pyridyl and 
a third potential donor atom have, in comparison to those possessing purely 
phosphino and pyridyl donor groups received relatively little attention. The 
synthesis and structural characterisation of two bimetallic copper(I) species, 
79, In which the Cu(I) centres are bridged by two rigid 2-
(diphenylphosphino )-6-(pyrazol-1-yl)pyridine PNN' donor ligands, 78, and 
unusual Cu-1, l-SNC) thiocyanate and Cu-1, 1-N3) azide bridges have recently 
been reported (Figure 1.12).90 
78 
Fig 1.12 2-( diphenylphosphino )-6-(pyrazol-1-yl)pyridine and bimetallic Cu(I) 
complexes. 
The potentially tridentate ligand N-(2-diphenylphosphinobenylidiene)-
2-(2-pyridyl)ethylamine (Ph2C6H4CHN(CH2hpy), is also a PNN' donor 
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system. Reaction with a series of palladium precursors yielded complexes in 
which the ligand Ph2C6H4CHN(CH2)2PY coordinates in a tridentate fashion. 
This is exemplified by the isolated product of the reaction between [{Pd(,u-
CI)(C3Hs) hl in which the allyl group is bound in the r/ coordination mode, 
with no evidence of the ll-allyl isomer in the -50 to 50°C temperature range. 
Although the cationic alkyl palladium complex 80 is stable under ambient 
conditions, when subjected to 25 atmospheres of CO pressure at 50°C in 
chloroform, insertion of CO in to the Pd-C bond occurs forming the neutral 
acetyl palladium complex 81. This occurs in conjunction with the 
displacement of the pyridyl group (Equation 1.13).91 
,Cl 
CD'" 6
N N,/ 
" / Pd 
f \ p/ "Me 
/\ ~ Ph Ph 80 
/ 
N 
6
N Cl 
CO (25 atm) " / 
• Pd 
50°C, CHCI3 f \ p/ lrMe 
/ \ 0 81 ~ Ph Ph 
Eqn 1.13 
The tridentate PNO ligand 1-( diphenylphosphino )-2-ethoxy-l-(2-
pyridyl)ethane (pepye) 82 (Figure 1.13) contains a third potential donor atom 
in the form of a weakly bonding ether group. Using this ligand, Mathieu et 
aln prepared complexes of molybdenum, rhodium and ruthenium and studied 
their reactivity toward carbon monoxide. In the case of the tridentate 
molybdenum complex Jac-[Mo(CO)3(pepye-P,N,O)] 83, reaction with CO 
induced displacement of the bound ether group yielding cis-[Mo(COh(pepye-
82 
£ 'Et P ~ OC "," I .",\N ~ 
Mo" 
OC'" I co 
CO 
84 
Fig 1.13 The PNO donor ligand, 1-( diphenylphosphino )-2-ethoxy-l-(2-
pyridyl)ethane and molybdenum carbonyl complexes. 
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P,N)] 84, (Figure 1.13). Similar ether lability was also observed for the 
ruthenium complex [RuCI(pepye-P,N,O)(pepye-P,N)][BPh4]. Also reported 
was the easy preparation of [RuCh(PPh3)(pepye-P,N,O)] 85, which was found 
to be an extremely efficient catalyst for the transfer hydrogenation of ketones 
by propan-2-01. 93 Other pyridylphosphines containing ether functionalities 
have also been explored. 94 
1.8 Chiral pyridylphosphine ligands. 
The high catalytic efficiency of [RuCh(PPh3)(pepye-P,N,O)] 85, for 
the transfer hydrogenation of ketones prompted Mathieu et al to prepare 
optically active PNO ligands that were structurally similar to 82 to ascertain 
whether ruthenium complexes prepared from these ligands could induce 
asymmetric hydrogen transfer reactions. Ruthenium complexes of the two 
diastereoisomers of 1-( diphenylphosphino )-2-( 1 R,2S,5R)-menthoxy-1-(2-
pyridyl)ethane, 86, 87, and the chiral at phosphorus (S) [(phenyl)(2-anisyl)-
Me Me a_Me 
Ph2P I" 'Pr HI" 'Pr I N 
N / N / / 
86 87 88 
Fig 1.14 Chiral, tridentate pyridylphosphine-ether ligands. 
phosphino ](2-pyridyl)methane, 88 (Figure 1.14), were prepared and tested. 
Although the complexes showed activities at least as high as 85, no 
significant ee was observed in any reaction.93 ,95 The bonding properties of the 
aforementioned chiral at phosphorus ligand (S)[(phenyl)(2-
anisyl)phosphino ](2-pyridyl)methane 88, were studied in conjunction with 
those of other chiral at phosphorus ligands (Figure 1.15) towards 
rhodium(I).96 Their results showed that increasing the steric hindrance at N by 
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R' 
R=Me, R'=H A 
R=Me,R'=Me B 
R = o-anisyl, R' = H C 
R = o-anisyl, R' = Me D 
R=Ph, R'=Me E 
Fig 1.15 Chiral at phosphorus and sterically hindered at nitrogen 
pyridylphosphine ligands. 
substitution of H for Me, at the 6 position of the pyridine ring, increased the 
lability of the Rh-N bond, a result confirmed by both 31 p eH} NMR and 
crystallographic evidence. A variable temperature IH NMR study of the 
reaction between [Rh(cod)(thf)2][BF4J and the sterically congested (at pyridyl 
N) ligand D that contains an additional potential binding site (the oxygen of 
the methoxy group) suggested that a dynamic competition for bonding 
between the two different hemilabile donating centres was taking place. They 
went on to conclude that the rl-P,Q bound species is the major isomer 
(Equation 1.14).96 
Meo--(\ 
Ph" )-J 
~ "p ", / Rh .. / ""N ~ 
I 
Eqn 1.14 
The enantioselective palladium catalysed allylic substitution of 1,3-
diphenyl-2-propenyl acetate with dimethylmalonate using three chiral at 
phosphorus pyridine, and the pyridine related heterocycle quinoline ligands, 
has recently been reported. 97 The palladium complexes used were prepared in 
situ from the PN ligands (Figure 1.16) and [{PdCu-Cl)(C3Hs) hJ. By 
systematic alteration of the reaction conditions enantiomeric excesses of up 
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to 87% were recorded. 
. ~ )~!.'H O-p\:J',1 -=N N N 
N 
I 
Ph 
Fig 1.16 Chiral, pyridine and quinoline aminophosphite ligands. 
The chiral C2 symmetric tridentate ligand (lR,IR')-2,6-bis[I-
(diphenylphosphino )ethyllpyridine 89, is related in terms of its (rans 
phosphine coordination behaviour, 90 (Figure 1.17), to the previously 
discussed PNP donor ligand 2,6-(diphenylphosphinomethyl)pyridine 69. The 
ligand contains two chiral phosphine groups and should, in an octahedral 
setting, bind to metals in a planar or meridional fashion, creating a well 
defined Cl symmetric chiral environment. A complex based upon this ligand 
and [{RuCI(,u-CI)( 1]6 -C6H6) hl as a precursor was used to promote 
asymmetric transfer hydrogenation of some simple aromatic ketones, 
whereupon they obtained 33% to 98% conversion and 30% to 74% ee).98 
Me 
89 
~ 
N 
I 
Me 
Ph2P-M---
1 
PPh2 
90 
X 
Fig 1.17 Chiral C2 symmetric tridentate ligand (lR,IR')-2,6-bis[1-
(diphenylphosphino )ethyllpyridine and predicted coordination mode. 
1.9 Pyridylaminophosphine ligands. 
Surprisingly, considering the relative ease of phosphorus nitrogen 
bond forming reactions compared to those in which phosphorus carbon bonds 
are formed, relatively few examples of pyridyl phosphines in which the donor 
atoms are separated by amino spacer are known. The synthesis of 2-
45 
(diphenylphosphinoamino )pyridine 91, is straightforward and high yielding, 
and was first reported along with the bis- 92 and tris- 93, 2-aminopyridyl 
substituted phosphine derivatives (Figure 1.18) in 1967, where they were 
~ 
H ~,/ H H 
Fig 1.18 Mono, di and tri 2-aminopyridyl substituted phosphine ligands. 
used to prepare a series of Cr(IIl), Mn(II), Fe(II), Co(Il), Ni(II), Cu(I) and 
Zn(II) complexes of varying ligand to metal ratios.99 A more detailed study 
on nickel(II) complexes of 2-(diphenylphosphinoamino)pyridine, 91, was 
published 100 in conjunction with the first article and included the synthesis of 
a neutral Ni(II) species containing deprotonated 2-( diphenylphosphino-
amino )pyridine 91 ligands. Deprotonation of the ligand with phenyllithium, 
followed by treatment with anhydrous NiBr2, gave a product in 20% yield 
characterised as 94. Subsequent treatment of 94 with ammonium thiocyanate 
or ammonium perchlorate affected reprotonation of the ligands. This was 
accompanied by the evolution of ammonia and gave a ring-opened product, 
where the thiocyanate ligands are bound to the metal, and the dicationic 
species 95 respectively (Equation 1.15). 
Eqn 1.15 
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Ainscough and Peters on resynthesised 2-(diphenylphosphino-
amino)pyridine, 91, its 4-methylpyridine, 6-methylpyridine and their thio and 
seleno derivatives. lol The unoxidised ligands were used to prepare 1: 1 metal 
to ligand complexes of Ni(II), Co(ll), Hg(II), Pd(II), 1:2 of Ni(II), Co(II), 
Hg(II), Ag(I)and 1:3 metal to ligand complexes of Ni(II). The complexes 
were characterised by measurement of conductivity, magnetic moment, 
solution molecular weight, infrared, visible absorption spectra and IH NMR. 
Lindner et al l02 resynthesised the tridentate PNN ligand 92 along with 
92(i) and 92(ii) (Figure 1.20), in which the NH spacer groups have been 
substituted for 0 and CH2 spacers respectively. Their coordination behaviour 
towards Group 6 metal carbonyls was studied and they were found to act as 
facial tridentate donors forming two slightly distorted five-membered rings as 
evidenced in the crystal structure of [W(CO)3 {PhP(NHpy)-N,P,N}] 96 
(Figure 1.19). 
()N X,,,,,,,,,,,XDN I ~ p ~ I /6' I X = 0 92(i) 
/ X = CH2, 92(ii) 
co ~ 
OC __ ~ __ N~ 
oc--, --r-NH (NyN~ o M=Cr,MoorW(96) 
Fig 1.19 Trisubstituted 2-oxy or 2-methylpyridyl phosphine ligands and 
Group 6 carbonyl complexes of tri-2-aminopyridylphosphine. 
The Group VI carbonyl complexes of the PNN tridentate ligands were also 
found to catalyse the homogeneous homologation of methanol to ethanol. 
The NH analogue of 2,6-( diphenylphosphinomethyl)pyridine 69 N ,N'-
bis( diphenylphosphino )-2,6-diaminopyridine, 97 (Figure 1.20), reacts with 
Group 6 carbonyls !ac-[M(CO)3(NCMe)3] and Group 10 chlorides to form 
two types of complex. The Group 6 complexes are of the type mer-
[M(CO)3(PNP)], 98, and those or' Group 10 are cationic square planar of the 
type [MCI(PNP)][CI] 99 (Figure 1.20).103 Reaction of the PNP ligand 97 with 
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n HN N# NH 
I I 
PP~ PPhz 
~ICI ~ __ A 
HN N NH 
Ph" I I I~Ph 
P--M--P Ph~ I "Ph 
Cl 99 97 
M = Ni, Pd or Pt 
M = Cr, Mo, or W 
Fig 1.20 Group 6 carbonyl and Group 10 chloride complexes of the tridentate 
PNP ligand 2,6-(diphenylphosphinomethyl)pyridine. 
Group 6 hexacarbonyls and trimethylamine oxide failed to give the expected 
mer-[M(CO)3(PNP)] 98 type complexes but instead gave products in which 
the ligand is PN bidentate and the other phosphine arm has been oxidised, 
100 (Figure 1.21). For comparison, aerial oxidation of mer-[Mo(CO)3(PNP)] 
in tetramethylbenzene was examined which resulted in P-N bond rupture and 
formation of a cubane-like product [Mo404(,u3-0)4Cu-02PPh2)4] in 48% 
yield. 104 The synthesis of the potentially tridentate NPP ligand N,N-
bis( diphenylphosphino )-2-aminopyridine, 101 and its Group 6 complexes cis-
[M(CO)4(NPP)] (M = Cr, Mo or W) 102 were also reported (Figure 1.21), in 
n I Ph # / HN 1N N-P- Ph 
Ph,,1 ~I H ~ ~P __ M __ CO 
Ph 
100 l\M=cr,Mo,orw 
o 
N 
phzp/ .......... PPhz 
101 
Ph Ph D~ 
\/ # 
P-N N ~I \ OC-M-P-Ph 
I\, "Ph 102 '-0 o M = Cr, Mo, or W 
Fig 1.21 Group 6 carbonyl complexes of pyridylphosphine ligands. 
which the NPP ligand is bidentate via the two phosphorus atoms forming 
four-membered MP2N rings instead of the possible competitive five-
membered chelate ring formation with a Phosphorus atom and a pyridyl 
nitrogen. Bimetallic, phosphido-bridged species containing analogous four-
membered MP2N chelate rings were formed in ligand substitution reactions 
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between the (Ph2PhNpy 100 ligand and the di-nuclear coordination 
compounds [MM'(CO)8(u-PPh2)2] (M = M' = W, M = Mo, M' = W) and 
[W(CO)4(u-PPh2hIrH(CO)(PPh3)] (Figure 1.22). The homonuclear 
molybdenum complex 103 was formed VIa thermolysis of 
[Mo(CO)4(Ph2PNH)py(NHP(O)Ph2)-P,N)] 100. 104 
M = M' = W, X = X' = CO 
M=M'=Mo, X=X'=CO (103) 
M=W, M'=Ir, X=H, X'=CO 
Fig 1.22 Bidentate pp coordination compounds ofN,N-
bis )dipheny 1 phosphino )-2-aminopyridine. 
A series of optically active phosphorus nitrogen donor ligands, 
including the pyridine based phosphinoamine 104 (Equation 1.16), were 
prepared and reacted with [{Rh(u-Cl)(cod)h] followed by NH4[PF6] in 
methanol, to form stable chelate complexes 105 (Equation 1.16).105 Catalysts 
generated in situ from the optically active ligands and [{Rh(u-Cl)( cod) h], as 
well as the isolated rhodium complexes were used in the enantioiselective 
hydrosilylation of acetophenone with diphenylsilane. The % conversion and 
optical induction (up to 19.6% ee) in the formation of (+)- and (-)-1-
phenylethanol was found to be highly dependent on Rh:ligand ratios, 
Rh:substrate ratio, reaction temperature and the solvent used. 
[ {Rh(u-CJ)( cod)} 2] 
~ 
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~ \ '''' ... / ,Rh , '\ , P-N 1\ ~Me 
Ph Ph / "'t H 105 Ph 
Eqn 1.16 
CHAPTER 1; INTRODUCTION: PART 11 
1:2.1 An introduction to the chemistry a/phosphine ligands. 
Throughout inorganic and organometallic chemistry few ligands have 
been as extensively employed as tertiary mono- and diphosphines.I06-109 The 
most widely studied of all bidentate phosphorus ligands are perhaps 
Ph2PCH2CH2PPh2 [bis( diphenylphosphinoethane) (dppe)], Ph2PCH2PPh2 
[bis(diphenylphosphinomethane) (dppm)] and their tetramethyl analogues 
Me2PCH2CH2PMe2 [bis(dimethylphosphinoethane) (dmpe)], Me2PCH2PMe2 
[bis(dimethylphosphinomethane) (dmpm)], all of which can act as chelating 
or bridging ligands.110.116 There are also a few examples where ligands of this 
type, (dppm and dmpm), can behave as unidentate ligands in which one 
phosphorus centre is pendant or uncoordinated.117-120 Diphosphines containing 
longer chains of -(CH2)- units between the phosphorus atoms have also been 
studied, for example Ph2PCH2CH2CH2PPh2 [bis(diphenylphosphinopropane) 
(dppp)],121-123 Ph2PCH2CH2CH2CH2PPh2 [bis( diphenylphosphinobutane) 
(dppb)]124-126 and tBu2P(CH2)S_gPtBu2 which can span trans positions in square 
planar complexes.127.128 Symmetrical diphosphines with aromatic spacer 
groups between the two donor atoms have also been prepared, such as 
Ph2PC6H4PPh2 [1 ,2-phenylenebis( diphenylphosphine)] 129-131 and 
Me2PC6H4PMe2 [1 ,2-phenylenebis( dimethyl phosphine)]. 132 Compared to the 
vast body of accumulated data on diphosphines in which the phosphorus 
nuclei are linked by a carbon atom or chain, less has appeared on ligands 
where the backbone of the molecule comprises a heteroatom or group. Two 
examples of this type of ligand are R2PN(X)PR2 diphosphinoaminesl33.137 and 
R2PN(X)N(X)PR2 diphosphinohydrazines.138-141 It is also true to say that non-
symmetric diphosphine ligands have received equally little attention, perhaps 
the exception being the aminophosphine-phosphinites, especially those that 
are chiral,142 which in recent years have attracted a great deal of interest. This 
in part is due to the availability of optically active amino-alcohol starting 
materials, their ease of preparation and their subsequent usefulness in 
enantioselective transition metal catalysis. The literature also contains very 
few examples of unsymmetrical diphosphines of the general type 0-
R2PXC6H4PR2 (where X is an alkyl or heteroatom spacer group) and even 
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fewer examples of transition metal complexes prepared from ligands of this 
type. 
1:2.2 Amino/amidophosphine-phosphinites; Ligand synthesis. 
The preparation of amino/amidophosphine-phosphinite and 
bis(aminophosphine) type ligands is straightforward and is based upon 
nucleophilic attack of secondary amine or imido and a hydroxy function of a 
chiral amino-alcohol upon a chlorophosphine in the presence of a tertiary 
amine (usually triethylamine) as Hel scavenger. Due to the greater 
nucleophilicity of the hydroxy over the amine or amido functions, amino-
phosphinites can be prepared selectively and isolated in good yield. This 
selectivity allows so called 'mixed' aminophosphine-phosphinites to be 
prepared by the addition of a second, different chlorophosphine to the isolated 
amino-phosphinite material (Figure 1:2.1). 
R 
I 
CH * -P~ 
R 
I 
CN-P~ -P~ 
symmetrical 
R 
I 
CN- PR'2 -P~ 
mixed 
Figure 1:2.1 Synthesis of amino-phosphinite and aminophosphine-
phosphinite type ligands. * Denotes chirality. 
The products yielded by the addition of two equivalents of the same 
chlorophosphine to chiral amino-alcohol precursors have been termed 
symmetrical aminophosphine-phosphinites. The availability of numerous 
natural chiral amino-alcohols, such as ephidrine and precursors to chiral 
amino-alcohols (for example amino acids in conjunction with the numerous 
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combinations of different alkyl and aryl phosphines) have allowed the 
preparation of a large variety, (Figure 1 :2.2) of aminophosphine-phosphinites 
with differing electronic and steric properties. 
~ 
R'-N 0 
I I 
PPh2 PP~ 
o~ ~o }-(H 
/' 
BZ-N 
I ? I I I 
P~ PCP2 P~ PCY2 PP~ 
P~PO~ H 
Me-N 0 R'-N 0 
I I I I H 
PP~ PP~ PP~ PP~ 
Figure 1 :2.2 Examples of bi and potentially tridentate 
amino/amidophosphine-phosphinite ligands. 
0 
I 
PCY2 
0 
\ 
PP~ 
1:2.3 Coordination chemistry of amino/amidophosphine-phosphinite ligands. 
Nickel(O) catalysts of amino/amidophosphine-phosphinite type ligands 
and their evaluation in terms of selective carbon-carbon bond forming 
reactions has, over the last two decades, received much attention. Typically, 
the catalysts were generated by the addition of one or two equivalents of the 
chosen ligand to the zerovalent nickel complex Ni( cod)2. In selected cases, 
the catalytic species was produced via reduction of nickel salts using alkyl or 
alkoxydialkylaluminium as reductant in the presence of ligand. Catalytic 
systems involving Ni(O) and bidentate amino/amidophosphine-phosphinite 
and bis(aminophosphane) ligands have been shown to selectively cyclise 
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butadiene to give a 4-vinylcyclohexene/l ,5-cyclooctadiene mixture. 143 More 
. recently, increasing the ligand/nickel ratio from 1 to 2 was found to increase 
the 4-vinylcyclohexene selectivity to 99% but with poor ee « 15%).144 When 
the same reaction was performed in the presence of methanol, 2-
methylenevinylcyclopentane could also be obtained as a major product using 
some ligands. 145 The use of a potentially tridentate aminophosphine-
diphosphinite ligand in the Ni(O)-ligand-MeOH catalytic system has given a 
2-methylenevinylcyclopentane selectivity of 70% but with no significant ee. 146 
Zerovalent Ni complexes of PN-OP and PN-NP ligands have also been 
employed successfully in the cyclodimerisation of methylpenta-2,4-dienoate I47 
and butadiene/methylpenta-2,4-dienoate,148 the asymmetric hydrovinylation of 
cyclohexa-l,3-dieneI49,15o with up to 93% ee. and the alkylation of 3-
acetoxycyclohexene with dimethylmalonate. 151 ,152 Although nickel complexes 
of aminophosphines-phosphinite type ligands have been studied in terms of 
their catalytic properties, their in situ generation for said purpose means that 
little, if any, information concerning isolated nickel PN-OP or PN-NP 
complexes is available. 
Palladium aminophosphines-phosphinite coordination chemistry has 
received little attention, but the few reported examples describe the 
preparation and isolation of well-defined complexes. Dobler and Kreuzfeld153 
reported the synthesis of palladium complexes via ligand exchange reactions 
of cis and trans-D, N-bis-(diphenylphosphino)-2-hydroxy, 3-methylamino-
norbornane with [PdCh(PhCNh], (Figure 1 :2.3), and their subsequent use in 
the asymmetric Grignard cross-coupling reaction of (E)-fi-bromostyrene and 
I-phenylethylmagnesium chloride. 
Figure 1:2.3 Palladium complexes of cis and trans-D,N-bis-
(di pheny I phosphino )-2-hydroxy,3 -methy lamino-norbornane. 
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The cationic chiral complexes [Pd( r/ -CH2-CMe-CH2) {(S)-
ProNOP} ][X] (X = [BF4r or [PF6r, (S)-ProNOP = C4H7NP(PhhCH20P(Phh 
106) were prepared by the addition of ligand to a solution of [Pd(ll-CH2-
CMe-CH2)][X] at _78°C.IS4.ISS Analysis of these complexes by IH, l3C, 31p 
and two-dimentional [IH_l3C] and eH_31 p] correlation NMR experiments 
showed that in solution the complexes exist as two diastereomers, 107 and 
108, in equilibrium (Figure 1 :2.4). 
Ph-:-. 
--<~:i<:>H 
Ph2 U 
106 107 108 
Figure 1:2.4 (S)-ProNOP ligand (106) and diastereomeric palladium {(S)-
ProNOP} complexes. 
An extension of this study involving the analogous complexes bearing the 
mesa prochiral allyls (1]3-RCH-CH-CHR) where R = Ph or Me has shown that 
out of eight possible diastereomers only two are present where R = Me and 
two diastereomers make up 90% of the total material where R = Ph.156 The 
complexes were studied to determine their catalytic potential in asymmetric 
allylic alkylation of propen-2-yl acetates. Further palladium-dichloride 
complexes of PN-OP ligands prepared from [PdCh(PhCN)2] by ligand 
substitution in thf have also been reported. 157 
The coordination chemistry of aminophosphine-phosphinite ligands 
with platinum is similar to that of palladium. [PtCh(PN-OP)] complexes have 
been prepared in high yield by reaction of the corresponding aminophosphine-
phosphinite ligand with either Zeise's salt, K[Pt(C2H4)Ch]' or [PtCh(cod)]158. 
161 (Figure 1 :2.5). The complexes reportedly displayed the anticipated 31 p eH} 
NMR pattern for the cis deposition of different phosphines around a square 
planar platinum (ll) centre, consisting of two sets of doublets with 
accompanying platinum satellites. The [PtCh(PN-OP)] complexes undergo 
insertion of SnCh into a Pt-Cl bond at room temperature in chlorinated 
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solvents yielding the corresponding [PtCI{SnCh}(PN-OP)] complexes (Figure 
I :2.5). Due to the dissymmetry of the PN-OP ligands, a mixture of isomers is 
formed in which the SnCh group can occur trans to the PN moiety or trans to 
the PO moiety as confirmed by 31peH} NMR. The relative ratios of the two 
isomers was found to vary from 100/0 to 55/45 depending on the nature of the 
substituents at the peN) and P(O) of the chelating diphosphine. Catalytic 
systems of [PtCh(PN-OP)] complexes in conjunction with SnCh'H20, were 
evaluated as catalytic precursors in the asymmetric hydroformylation of 
styrene in to 2_phenylpropanal.158.159 
acetone 
100% yield 
Figure 1:2.5 Synthesis of platinum complexes of aminophosphine-
phosphinite ligands. 
As one might expect, most effort in terms of coordination chemistry 
and the subsequent use of complexes in organic asymmetric transformations 
has been concentrated on rhodium. There are two synthetic pathways that 
have been used to prepare cationic rhodium complexes of the general type 
[Rh(cod)(PN-OP)][X] (X = [CI04r, [BF4r).162.171 The primary procedure 
used was first described by Schrock and Osborn and involves the addition of 
amino/amidophosphine-phosphinite ligand to the cationic species 
[Rh( cod)][CI04] which was generated in situ by treatment of the chloro-
bridged dimer [{Rh(,u-CI)( cod) h] with Na[CI04]. The second method is via 
displacement of a cod ligand from [Rh(cod)2][X] (X = [CI04r, [BF4r) with 
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PN-OP ligand (Figure 1:2.6). 
1. 2 x NaCI04 
2.2 x PN-OP 
Figure 1:2.6 Synthetic routes to cationic rhodium(I) PN-OP complexes. 
A number of neutral rhodium(I) species have also been reported (Figure 
1 :2.7). Binuclear complexes of the type [{RhCu-X)(PN-OP) h] (X = Cl, 
OCOR) were prepared by the addition of two equivalents of the appropriate 
ligand to the dimeric species [{Rh(,u-X)(cod) h] in toluene at room 
temperature. m ,173 Neutral mononuclear rhodium amino/amidophosphine-
phosphinite complexes of the type [Rh(17s-CsHs){PN-OP}] were prepared 
from binuclear [{Rh(,u-X)(PN-OP)h] (X = Cl, OCOR) type complexes by 
splitting the dimers with sodium cyclopentadienide. An acetylacetonato 
complex with the general formula [Rh(acac){PN-OP}] was prepared by cod 
displacement of [Rh(acac)(cod)].172 In addition, neutral I8-electron rhodium 
species have been prepared by a transmetallation process involving reaction 
of a [CuCl(PN-OP)] intermediate, itself prepared by addition of ligand to 
CuCl, with [{RhCu-Cl)(cod)h] to give complexes of the type [Rh(cod){PN-
OP}Cl].166 The catalytic applications of cationic and neutral rhodium{PN-
OP} compounds towards the asymmetric transformation of organic substrates 
has been well studied. This is particularly true for the hydrogenation of 
functionalised olefins where enantiomeric excesses of up to 97% have been 
achieved. Equally impressive results have been obtained for the asymmetric 
hydrogenation of ketones to give chiral functionalised alcohols. The use of 
chiral [Rh {PN-OP}] complexes as catalytic precursors has also been extended 
to the asymmetric hydroformylation of C=C bonds and to hydrosilylation of 
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both C=C and C=O bonds. 
2 PN-OP 
25°C, toluene 
ex = Cl, OCOR) 
Na'@; 
PN-OP 
Figure 1:2.7 Synthetic routes to neutral rhodium(I) PN-OP complexes. 
Rhodium-based amino/amidophosphine-phosphinite complexes have 
proved to be efficient catalysts in terms of asymmetric transformations. Over 
the last decade, the development of ruthenium(II)-based catalysts has received 
increasing attentionl74-176 and the development of Ru(II){PN-OP}-based 
catalytic systems is no exception. Neutral amino/amidophosphine-
phosphinite Ru(II) complexes were prepared using RU3(CO)I2 as a precursor 
(Scheme 1 :2.1). Reaction of triruthenium dodecacarbonyl with 
cyc10pentadiene in heptane at reflux gave the mononuclear species [Ru( r,s-
CsHs)(COhH], which, upon treatment with (S)-proNOP 106, gave [RU(ll-
CsHs){ (S)-proNOP} H] as a mixture of diastereomers due to chirality at 
ruthenium. The corresponding chloro complex was formed by treatment of 
the hydride with chloroform over 48 hours. The reverse reaction occurred 
when the chloride complex was treated with LiAIH4 in a heptane/thf solvent 
mixture. The bromo and iodo complexes were generated by straightforward 
metathesis reactions of [RU(ll-CsHs){(S)-proNOP}CI] with large excesses of 
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NaBr and NaI respectively. 177.178 
OC co CO CO 0' ~ 
" I co 1/ -r- (S)-proNOP 
OC-Ru-t-Ru-CO ~ .Ru -~=---~ ... ~
I 'J / I heptane, reflux OC" ' .... H heptane, reflux P~ ~ C~ (~ co CO 6°-P'", .. OC CO CO Ru 
CHC~ 
25°C,48h 
LiAIH4 0 Ph2 ~ 
heptane/thf 6 -P"""RU~ 
p/ \ 
N ......... Ph Cl 
2 
p/ \ 
N ......... Ph
2 
H 
NaX 
ex = Br, I) 
Scheme 1 :2.1 Synthesis of neutral ruthenium(II) PN-OP complexes. 
Neutral di-allyl complexes with general formula [Ru{PN-OP}(2-
methylallyl)21, have been prepared by displacement of the cod ligand of 
[Ru( cod)(2-methylallylhl. Likewise, acetato complexes were synthesised by 
reaction of PN-OP with [Ru(cod)(OCOCH3hl and [Ru(cod)(OCOCF3)21· 
Acetato complexes were also obtained by ligand substitution by reacting 
[Ru{PN-OP}(2-methylaUylhl with four equivalents of glacial acetic acid at 
room temperature or with trifluoroacetic acid at -95°C In 
dichloromethane.179.18o 
Cationic arene Ru(II){PN-OP} complexes were prepared in two steps 
from the chloro bridged dimers [{RuClCu-Cl)(176-C6H6)hl and [{RuClCu-
Cl)( 176 -p-MeC6H6ipr) hV81 The first step was addition of two equivalents of 
the appropriate ligand to thf solutions of the dimers, which gave monomeric 
[RuCh(176-aryl){PN-OP} 1 species in which the diphosphines were bound to 
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the metal in a monodentate fashion. For (S)-proNOP 106, the above reaction 
gave a mixture of two products by 31 peH} NMR, the major component (90%) 
being the mono dentate P(O) bound product 109, the minor product (l0%) 
being the peN) bound compound 110. Stirring the mono dentate complexes in 
an appropriate solvent, acetonitrile or isopropanol, led to chelation and 
formation of the corresponding cationic species (Scheme 1 :2.2). 
J1) "'Cl...... ",Cl ~RU ,RU'7f)) 
Cl 'Cl Y 
thf 60°C 3h 
+ ~o 
I I 
PPh2 PP~ 
Scheme 1 :2.2 Synthesis of cationic ruthenium(II){PN-OP} complexes. 
The above complexes were applied in the asymmetric hydrogenation of 
a-functionalised ketones leading to the corresponding chiral alcohols.181.182 
The use of a cobalt based PN-OP catalytic system for the homo-Diels-Alder 
reaction between norbornadiene and acetylenic or propargylic compounds has 
also been reported. 183 ,184 
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There are very few examples of unsymmetrical di-tertiary phosphines 
in which the phosphorus nuclei are connected/separated by an aromatic group 
with an ortho substituent (Figure 1 :2.8). 
X 
I 
(where X can be CR2, NR, 0 or S) 
P~ P~ Figure 1:2.8 Unsymmetrical ditertiary phosphines. 
The first reported example, to the best of our knowledge, was prepared by 
Davis and Mann in 1964. 185 Their synthesis of 2-(diethylphosphino-S-methyl-
benzyl)diethylphosphine 111, involved seven steps and was low yielding (9%) 
(Scheme 1 :2.3). 
MeYtY
Br _~ ... ~MeYtYMgBr _--' .... ~Me~OH_---' ... ~
~Cl ~Cl ~Cl 
Me~B_r ---, ... ~Me~M_gB_r--, .... Me~p_Et_2 --' ..... 
~Cl ~Cl ~Cl 
Scheme 1 :2.3 Synthesis of 2-(diethylphosphino-S-methylbenzyl)diethyl-
phosphine. 
Although the reaction of 111 with dibromomethane to gIve a dicationic 
phosphorus analogue of the quinazoline ring system was reported, no 
coordination chemistry is described. Potentially tridentate and tetradentate 
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ligands (which also contain O-C6H4CH2 spacers between the phosphorus 
atoms) were described by Abicht and Issleib. ls6 Reaction of o-lithiobenzyl-
diphenylphosphine with triphenylphosphite and dichlorophenylphosphine 
gave tris- [( o-diphenylphosphinomethyl)phenyl ]phosphine 112 and bis [( 0-
diphenylphosphinomethyl)phenyl]phenylphosphine 113 respectively (Scheme 
1 :2.4). 
'I, P(O/ 
~PPh' 
" P;:O 1,/ 
112 PPh2 
~PhPCJ, 
~PPh' 
p~ 
V 
113 
Scheme 1 :2.4 Synthesis of potentially tri and tetradentate phosphine ligands. 
The above phosphines were studied by means of 31peH} NMR but again no 
coordination chemistry was described. 
Diphosphines with O-C6H40 spacer groups have received slightly more 
attention than those with O-C6H4CH2 spacers. Schmutzler et al ls7 prepared a 
series of compounds from 2-(trimethylsiloxyphenyl)diphenylphosphine by Si-
o bond cleavage with various phosphorus halides e.g. [nBu3PFHBr], PhPCh, 
PCh, Ph2PF3 and PhPF4 with formation of the corresponding p-o derivatives 
and trimethylfluoro- or trimethylchlorosliane as by-products (Scheme 1 :2.5). 
Reaction of PhPCh and PhPF4 with 2-(trimethylsiloxyphenyl)diphenyl-
phosphine gave mixtures of the mono and di-substituted products, all other 
reactions gave only the mono-substituted product. The [0-Ph2PC6H 4-
OPnBu3HBr] derivative on reaction with nickel(II) bromide forms a 
dicationic, paramagnetic complex of composition NiBr2(Lh where L = [0-
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Ph2PC6H40pnBu3][Br] (Scheme 1 :2.6). Further reactions of the di and tri 
tertiary phosphine compounds were not reported. 
CC" PPh2 phosphorus halide 
../ O-SiMe 3 
Scheme 1 :2.5 Synthesis of phosphinite ligands by Si-O bond cleavage. 
Scheme 1 :2.6 Synthesis of dicationic nickel(II) species. 
A chiral bidentate phosphine-phosphite ligand and a chiral phosphine-
triphosphite, tetradentate ligand with C3 symmetry were reported by Pringle et 
al188 • The ligands were prepared from the aryl chlorophosphite 114, (which 
itself was prepared by reaction of stoichiometric quantities of PCh and the 
commercially available, optically active R-2,2-binapthol in the presence of 
Et3N)189 and phosphinophenol and phosphinotriphenol to give the bidentate 
115, and tetradentate 116, ligands respectively (Scheme 1 :2.7). Ligands 115 
and 116 were reacted with [Pt(norbonadiene)J] yielding the bis chelate 
platinum(O) complex 117 and the first reported example of a tetrahedral 
platinum(O) complex 118 in which the Pt(O) centre is encapsulated by the 
tetradentate ligand. Complex 118 is protonated by treatment with water or 
HBF4 to give the cationoic hydrido complex 119 and addition of Et3N to 119 
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regenerates the neutral species 118. The cationic methyl complex 120 IS 
formed upon reaction of 118 with methyliodide (Scheme 1 :2.8). 
o 0 
\ / 
P 
I 
Cl 
114 
115 
Scheme 1 :2.7 Optically active phosphine-phosphite ligand synthesis. 
[Pt(nbd)3] 
115 
~ 
n 
",.Pt, / 
P 4 P Cb 117 
~ 
116 ~pl) 01 0 \ ",.Pt, / 
o Pip 
-P 118 
+ 
Ra O_p~1 
119 H 
+ (Co 
O_p~1 
120 Me 
Scheme 1 :2.8 Platinum (0) and (II) complexes of hi and tetradentate optically 
active phosphine-phosphite ligands. 
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Heinicke and co-workers, in a series of papers on o-phosphanylphenol and 1-
phosphanylnaphth-2-01 derivatives, described the synthesis of a number of 
unsymmetrical phosphine-phosphinites (Figure 1 :2.9). Reaction of 4,6-di-tert-
butyl-2-phosphanylphenol and hexamethylphosphorus triamide results in the 
formation of the phosphine-diaminophosphite species 121 with loss of 
dimethyl amine as by-product. 19o 
121 
PH2 R,ycpm R'VLi 
/P(NMe2)2 1 / /PPhR 1/ Li 0 0 0/ 
R" 
122 a b c d e f g h 
R Me ipr tBu tBu Ph ipr tBu Ph NMe2 
R'Me Me H Me Me tBu tBu tBu Me 
RI! H H H H H tBu tBu tBu H 
R" 
123 
Figure 1:2.9 Phosphine-phosphinite species and di-lithium precursor. 
The phosphine-phosphinite specIes 122, with the exception of 122h, were 
reaction intermediates and, as such, were not isolated. The compounds were 
generated by the addition of the appropriate chlorophosphine to the 
appropriate C,O-dilithium species 123, which themselves were generated by 
the action of butyllithium on the corresponding bromo-phenol. 191 The 
attempted preparation of the napthol derivative 1-(tert-butylphenylphosph 
anyl)naphth-2-oxy-tert-butylphenylphosphane 124 by addition of PhtBuPCI to 
the C,O-dilithium naphthol species, lithium 1-lithio-2-naphtholate, gave, after 
Figure 1:2.10 Phosphine-phosphinites derived from 1-bromonapthol. 
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20 hours, an oil containing mostly unreacted chloro-tert-butylphenyl-
phosphine, but also 124, although isolation and purification of the 
disubstituted product was not successful. The tetraphenyl derivative 125 was 
prepared in 40% yield from 1-(diphenylphosphanyl)naphth-2-01 and Ph2PCI in 
the presence of Et3N (Figure 1 :2.10). Complexes of the phosphine-
phosphinite 125 were not reported. l92 
An example of a diphosphine with O-C6H4S spacer groupl93 between the 
phosphorus nuclei 127 was formed as a by-product in 10% yield by reaction 
of Et2PCI with o-lithiophenyl-trimethylsilyl-thioether 126 along with the 
anticipated product 128 and the butyl-thioether 129 (Scheme 1 :2.9). 
cxPEt2 127 I lO~ 
'- SPEt2 
cxBr BuLi __ CX" SiMe3 EtlCl CXSiMe3 I ----31 ___ ~ -~=------..!J~~ 128 I 43~ / SSiMe3 / SLi / SPEt2 
126 
Scheme 1 :2.9 Phosphine-thiophosphinite, 127, as reaction by-product. 
Two examples of O-C6H4N(Me) backboned diphosphines were prepared 
in an analogous manner to the phosphite examples, 122a-i and 124, described 
above. Treatment of N-methyl-o-bromoaniline with two equivalents of 
nButyllithium in ether gave the dilithium species o-lithio-N-methyllithiuman-
alide which upon addition of either Et2PCI or (Me2N)2PCI yielded the phosph-
Figure 1 :2.11 Phosphine-amino phosphine compounds. 
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ine-aminophosphine species 130 and 131 in 66 and 72% yields respectively 
(Figure 1 :2.11). 194 Finally, the phosphine-triaminophosphine species 132, was 
observed as a reaction intermediate, by 31 p NMR, in the synthesis of 1,2,3-
benzazadiphosphole 133 by cyclocondensation, with elimination of 
dimethylamine, of hexamethylphosphorus triamide with anilino-2-phosphine 
(Scheme 1 :2.10).195,196 
CXPH2 I f N-P(NMe,), 
H 
132 
Scheme 1 :2.10 Phosphine-triaminophosphine as reaction intermediate. 
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CHAPTER 2; THE CO-ORDINATION CHEMISTRY OF 
2_(DIPHENYLPHOSPHINOAMINO)PYRIDINE 
2.1 Introduction 
Much attention has been focused upon the chemistry of 2-
(diphenylphosphino)pyridine,I,19 A, which has been discussed in chapter 1. In 
summary, much of this interest is due to the willingness of 2-
(diphenylphosphino )pyridine to act as a bidentate ligand containing both hard 
(nitrogen) and soft (phosphorus) donor atoms. Because of ring strain, simple 
Ph2Ppy chelate complexes are unstable and, as such, uncommon compared to 
complexes containing monodentate P bound or bidentate P, N bridging 
Ph2Ppy ligands. Subsequently, this rigid short-bite ligand has been used to 
assemble homo and hetero-binuclear complexes possessing metal-metal bonds 
which themselves have unusual reactivities. In addition, other ligand systems 
are known which utilise the same donor atoms as Ph2Ppy but which contain 
organic spacer groups between the phosphorus and pyridyl nitrogen donor 
sites, and include Ph2PCH(R)py (where R = {H72, CH20Et92, PPh2
65 } Band 
(CH2)279,16 C (Figure 2.1). 
R 
A B C 
Fig 2.1 Pyridylphosphine ligands. 
We were interested to see what differences the secondary amme 
spacer group between the phosphorus and nitrogen donor sites would have on 
the co-ordination chemistry of 2-( diphenylphosphinoamino )pyridine (dppap) 
and whether the added flexibility would favour simple chelation over 
bridging or monodentate P bound co-ordination modes compared to that of 2-
(diphenylphosphino)pyridine. During our investigation we studied the 
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reactions of dppap with [AuCl(tht)] and a number of Pt(II) and Pd(II) 
complexes and have observed three, possibly four distinct modes of co-
ordination. The products from these reactions have been characterised 
principally by multi-element NMR spectroscopy and X-ray crystallography. 
RESUL TS AND DISCUSSION 
2.2 Synthesis and chalcogen derivatives of dppap 
The first reported synthesis of 2-( diphenylphosphinoamino )pyridine, 99 
1, and its subsequent use in the preparation of a number of metal complexes 
was published in 1967 and Ph2P(E)NHpy, E = S 2 and Se 3 in 19701°1, 
31peH} NMR was not widely available and X-ray crystallography was in its 
infancy as an analytical technique which necessitated resynthesis and further 
characterisation of the above compounds. The original synthesis of dppap 
involved the slow dropwise addition of Ph2PCl in diethyl ether to 2-
aminopyridine and triethylamine in the same solvent. Our synthesis IS 
essentially the same, the dropwise addition of neat Ph2PCl into a thf solution 
of 2-aminopyridine, containing a small excess of Et3N as base, according to 
equation 2.1 
thf, ooe 
Eqn 2.1 
The ligand, was isolated after work-up, as an air and moisture tolerant 
colourless crystalline solid in good yield (79%). It is readily soluble in 
dichloromethane, acetone, thf and chloroform but is less soluble in methanol 
and petroleum ether. Dppap exhibits a single 31 p_eH} NMR resonance (in 
CDCh) at 8(P) 26.4. The lH NMR spectrum in the same solvent shows the 
pyridyl C[6] proton as a multiplet at 8(H) 7.97 and the amine proton appears 
as a broad doublet at 8(H) 5.7 eJe1p)H) = 8 Hz]. In the IR spectrum we 
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observe a very weak v(N-H) band, due to intermolecular hydrogen-bonding, 
at 3121 cm-1 and two strong bands at 1601 and 920 cm-1 assigned to v(py 
C=N) of the pyridine ring and v(P-N) respectively. Microanalytical data were 
satisfactory and the positive-ion F AB mass spectrum gave the expected parent 
ion and fragmentation patterns. Crystals of Ph2PNHpy suitable for X-ray 
crystallography were obtained by slow evaporation of a concentrated CDCh 
solution (Figure 2.2). Selected structural data are also given (Table 2.1). The 
molecular structure of 2-( diphenylphosphinoamino )pyridine 1 reveals that the 
P(I)-N(2)-C(2)-N(2) backbone is essentially planar with a mean deviation of 
0.03 A. In addition, the crystal structure also shows that in the solid state the 
molecule occurs as hydrogen-bonded dimers. The NH proton of one molecule 
is hydrogen-bonded to the pyridyl nitrogen of a second and the pyridyl 
nitrogen of the second interacts with the NH proton of the first, leading to a 
head to tail type arrangement of molecules. The H(2n)· . 'N(lA) distance is 
2.04 A with an intermolecular N(IA)' . ·N(2) separation of 2.289(4) A and an 
N(2)-H(2n)' . 'N(lA) angle of 160°. 
Figure 2.2 Crystal structure of Ph2PNHpy 1. 
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Table 2.1 Selected bond lengths (A) and angles (0) for Ph2PNHpy 1. 
P(l)-N(2) 1.705(3) N(2)-C(2) 1.374(5) 
C(2)-N(1 ) 1.329( 4) C(2)-C(3) 1.415(5) 
C(7)-P(l)-N(2) 103.9(2) C(13)-P(1 )-N(2) 99.6(2) 
P(1 )-N(2)-C(2) 124.4(2) . C(7)-P(I)-C(13) 101.5(2) 
N(2)-C(2)-N(1 ) 115.7(3) N(2)-C(2)-C(3) 122.9(4) 
Curiously, the oxide of dppap was not previously reported alongside 
the thio and seleno analogues. We have found that Ph2P(O)NHpy 2 can be 
easily prepared by the addition of a smalL excess of aqueous hydrogen 
peroxide to a thf solution of the phosphorus (Ill) species. Ph2P(S)NHpy 3 was 
prepared according to the literature method 101 by refluxing the ligand with a 
stoichiometric quantity of sulfur in toluene. The seleno derivative 
Ph2P(Se)NHpy 4 was also prepared in the same manner using selenium metal 
although the published procedure requires the use of the highly toxic 
potassium selenocyanate. Although compounds 2-4 display a number of very 
similar spectroscopic properties, the strong v(N-H) band observed in the IR 
spectrum of the oxide was not apparent in the IR spectra of either the thio or 
se1eno analogues. Selected analytical data for Ph2P(E)NHpy (where E = ° 2, 
S 3 and Se 4) are detailed below (Table 2.2). 
Table 2.2 Selected spectroscopic data for Ph2P(E)NHpy, E = 0, S and Se. 
NMR 
8 (IH) IR(cm- l ) 
Compound NH Aromatics 8 elp) P=E PN NH CN(py) 
2 a 7.9-6.7 16.8 1196 950 3210 1599 
3 7.8(d)C 8.1-6.7 51.6 642 941 1599 
4 7.8(d) C 8.1-6.7 47.4b 550 941 1598 
a Amine proton resonance obscured by aromatic resonances. b IJe 1p)7Se) 783 
Hz. c 2Je lp)H) = 5 Hz. 
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2.3 Co-ordination chemistry of dppap 
Dppap reacts with [MCh(cod)] (M = Pt or Pd) in warm acetonitrile to 
give the cationic species cis-[MCI(Ph2PNHpy-P,N)(Ph2PNHpy-P)][CI] (M = 
Pt 5 or Pd 8) in excellent yield, 96 and 98 % respectively. No evidence was 
found for either trans bis(ligand)- or mono(bidentate ligand)-palladium 
platinum (ll) complexes. By comparison, the Ph2Ppy equivalents of 5 and 8 
cis-[MCI(Ph2Ppy-P,N)(Ph2Ppy-P)t (where M = pe, or Pd32) were prepared 
by the addition of one equivalent of halide abstractor to the appropriate cis-
[MCh(Ph2Ppy-Ph] complex in solution. The 31p_eH} NMR spectrum (in 
CDCI3) of 5 shows a broad singlet at 8(P) 51.4 with platinum satellites. The 
large IJe95 pt_31 p) coupling constant of 3576 Hz is indicative of a cis 
arrangement of phosphines around a Pt(II) centre. Complete assignment of 
the IH NMR spectra (in CD Ch) of 5 and 8 is difficult due to the fluxional 
nature (see below) of these molecules in solution. The expected downfield 
shifted pyridyl C[6] proton normally observed in complexes containing co-
ordinated pyridine groups65,197 are evident in the IH NMR spectra at 8(H) 
8.24 for 5 and 8.12 for 8 and appear as a multiplet. The IH NMR spectrum of 
the platinum complex 5 also displays a very broad resonance at 8(H) 11.2 
with an integration which roughly equates to one proton. A D20 exchange 
experiment was performed to determine whether this resonance was 
attributable to the pyridyl C[6] proton(s) or those of the amino groups and it 
was found to be due to the acidic amine protons. The anticipated high-
frequency NH resonance was not apparent in the 1 H NMR spectrum of the 
palladium complex 8. The line broadening of the amine resonance is most 
likely due to fluxionallity within the molecule; also hydrogen bonding to the 
counterion may contribute to this effect. The expected free v(N-H) in the IR 
spectra were not observed but the presence of strong broad bands at 2708 cm-
1 5 and 2709 cm-1 8 are characteristic of strong hydrogen-bonding interactions 
between the amine protons and the chloride counterions, causing a significant 
reduction in the NH stretching frequency. Also contained within the IR 
spectrum are two bands [1615 and 1596 cm-1 5, 1611 and 1597 cm-1 8] both 
of which correspond to pyridine ring v(C=N) vibrations. The first band has 
been significantly shifted (to higher wavenumber by 11-14 cm-\92,65,197 the 
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second is comparable with that of the "free" ligand value (1601 cm-!) 
accounting for the chelating and 'dangling' ligands respectively. The 
positive-ion FAB mass spectra gave two clusters of peaks at 750/1 and 78617 
for 5 and 698 and 663 for 8 which correspond to [M-Clr and [M-2CI]2+ and 
micro analytical data were in good agreement with calculated values. Crystals 
of 5 suitable for X-ray crystallography were obtained by layering a 
dichloromethane solution with diethyl ether. The crystal structure of cis-
[PtCI(Ph2PNHpy-P,N)(Ph2PNHpy-P)][CI] 5 (Figure 2.3, Table 2.3) shows 
that the molecule is square planar at platinum [maximum deviations from 
Pt(1)-CI(1)-P(21)-N(1)-P(1) mean plane 0.2 A below for CI(1) and 0.14 A 
above for P(21)]. The molecule also exhibits distortions from idealised 
square-planar geometry at the metal due to the bulk of the phosphine groups 
and to the bite angle of the chelating ligand; the cis P(21)-Pt(1)-P(1) 
[99.18(8)°] and cis P(1 )-Pt(1 )-N(1) [82.90(2)°] angles are significantly larger 
and smaller respectively than the ideal 90°. The five-membered Pt(1 )-P(1)-
N(2)-C(2)-N(1) ring is planar with a mean deviation of only 0.03 A. The 
P(21)-N(22)-C(22) bond angle [123.7(6)°] of the monodentate P bound ligand 
is very similar to that observed for the "free" ligand [124.4(2)°] and is 
marginally reduced upon chelation [120.2(6)°]. A small reduction in the P-N 
bond length, [dppap P-N length, 1.705(3) A] is displayed upon co-ordination 
to the platinum centre but no significant difference is observed between 
monodentate [1.686(6) A] and bidentate [1.689(7) A] ligand co-ordination 
modes. Although chelation causes no obvious change in P-N bond length the 
N(2)-C(2) and C(2)-N(1) bonds of the bidentate ligand are contracted and 
elongated by approximately 0.02 A respectively. The Pt(1) and unbound 
pyridyl nitrogen N(21) distance of 3.06 A does not rule out the proposed 
fluxional behaviour of the molecule. The structure also confirms the cationic 
nature of 5 and reveals that the chloride counterion CI(2) is involved in 
hydrogen-bonding interactions with two NH protons and acts as a bridge 
between adjacent molecules. The first as the molecular structure suggests is 
with the NH proton of the monodentate P bound ligand [H(22)· . ·CI(2) 2.34 
A, CI(2)· . ·N(22) 3.223(7) A, N(22)-H(22)· . ·CI(2) 160.6°]. The second 
interaction is with an NH proton of a chelating ligand of an adjacent molecule 
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[H(2A)' . 'CI(2) 2.16 A, CI(2)- . ·N(2A) 3.111(7) A, N(2A)-H(2A)- . 'CI(2) 
169.1°] a consequence of which is the chain like packing of molecules in the 
crystal lattice. The solid state hydrogen-bonding explains the absence of free 
v(N-H) bands corroborating the IR spectral assignment. 
Figure 2.3 Crystal structure of cis-[PtCI(Ph2PNHpy-P,N)(Ph2PNHpy-P)][CI]. 
Table 2.3 Selected bond lengths (A) and angles (0) for cis-[PtCI(Ph2PNHpy-
P,N)(Ph2PNHpy-P)] [Cl] 
Pt(1)-P(1) 2.219(2) Pt(1 )-P(21) 2.252(2) 
P(1)-N(2) 1.689(7) P(21 )-N(22) 1.686(6) 
N(2)-C(2) 1.360(1) N(22)-C(22) 1.380(1) 
C(2)-N(1) 1.350(1) C(22)-N(21) 1.330(1) 
N(1 )-Pt(l) 2.109(2) Pt(1 )-CI(1) 2.345(2) 
P(1)-Pt(1)-P(21) 99.18(8) N(1 )-Pt(1 )-CI(I) 92.0(2) 
P(1)-Pt( 1 )-CI(1) 172.79(7) P(21)-Pt(1)-N(1 ) 176.5(2) 
P(1)-Pt(1)-N(1) 82.9(2) P(21)-Pt( 1 )-CI( 1) 86.20(8) 
P(1)-N(2)-C(2) 120.2(6) P(21 )-N(22)-C(22) 123.7(6) 
N(2)-C(2)-N(1) 118.0(7) N(22)-C(22)-N(21) 117.1(7) 
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Clearly the 31peH} NMR data for 5 contradicts the solid state structure of the 
complex which should (if this species persists in solution) give an AX type 
spectrum. The broad phosphorus resonance is indicative of an intramolecular 
fluxional process (Equation 2.2) which means that o(P) is intermediate 
between values observed for monodentate P bound and bidentate P-N bound 
[Cl] 
[Clh 
M=Pt5 orPd 8 Eqn 2.2 
structures. This type of behaviour has been observed in a number of Pt(II) 
systems containing ligands having both phosphorus and nitrogen donor sites. 
Sadler and Habtemariam198 found that in solution (D20, pH 8.6) cis-
[PtCI {Ph2P(CH2hNMe2-P,N} {Ph2P(CH2hNMe2-P}] [Cl] (ring opened form) 
was in equilibrium with cis-[Pt{Ph2P(CH2)2NMe2-P,Nh][Clh (ring closed 
form). Their 31 p and 195pt NMR studies gave spectra with very broad peaks, 
which they suggested was due to a possible exchange reaction between the 
two species. Balch and co-workers28 observed, by variable temperature 
31peH} NMR, a rapid exchange between the cis and the chelated isomers of 
cis-[Pth(Ph2Ppyh] in dichloromethane. Their work showed that ionic 
dissociation is favoured at low temperatures. A variable temperature 31peH} 
NMR study of 5 in CD2Ch down to 183 K did not reveal any spectral change. 
The bromo and iodo derivatives of cis-[MX(Ph2PNHpy-P,N)(Ph2PNHpy-
P)][X] (M = Pt, X = Br 6, I 7 or M = Pd, X = Br 9, I 10) can be prepared by 
metathesis with an excess of the appropriate halide ion in refluxing acetone 
(Scheme 1). The complexes display IR an mass spectral data comparable to 
those of their chloro analogues; the 3Ip_eH} NMR 8 values (in dmso/C6D6) 
are closer to those observed for the dicationic species 13 and 14 suggesting 
that in dmso solution the bis-chelate dicationic form is favoured. The 
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positive-ion FAB mass spectra gave the correct [M-Xt and [M-2X]2+ ion 
peaks and the correct isotope distribution patterns in all cases. 
The first, and to the best of our knowledge only reported example of a 
complex containing the [Ph2PNpyr ligand, is trans-[Ni(Ph2PNpy-p,N)2r oo 
prepared in 20% yield by the addition of phenyllithium to a thf solution of 
dppap followed by [NiBr2(thf)2]. We have found that deprotonation is 
possible under much milder conditions. Treatment of the dichloro species 5 
and 8 with two equivalents of tBuOK in methanol causes deprotonation of the 
dppap ligands and leads to the neutral species cis-[M(Ph2PNpy-P,N)2] (M = 
Pt 11 or Pd 12). Both the palladium and the platinum complexes display sharp 
single 31 p eH} NMR resonances that occur at significantly higher frequencies 
than those of their starting materials, [8(P) 84.5 12 and 8(P) 63.0 11] cl [8(P) 
71.4 7 and 8(P) 51.4 5], respectively. The observed shift to higher frequency 
is because deprotonation results in the formation of stable, non fluxional bis-
chelate complexes (the chelate-ring effect).199 Also, the IJct 95pt_31p) coupling 
constant of 11 (3334 Hz) is considerably smaller then that of 5 (3575 Hz). 
The IH NMR spectra of 11 and 12 confirm the absence of any amine protons 
and the pyridyl C[6] protons are observed as multiplets at 8(H) 7.77 and are 
significantly shifted downfield from the remaining aromatic resonances. The 
IR spectra of 11 and 12 also lend evidence to support the proposed structure 
including the absence of any v(N-H) bands and only one pyridyl v(C=N) band 
occurring at slightly higher wavenumber [1609 11 and 1604 cm'l 12] than in 
the "free" ligand [1601 cm'! 1]. Deprotonation of the amino group causes an 
increase in P-N bond order and shifts the v(PN) to higher frequency 
compared to that of "free" dppap. This phenomenon has been observed in a 
number of related ligand systems containing PNp,z°O,201 PNP(E) (E = 0,202.206 
S or Se207), and (E)PNP(E) (E = 0/08.212 S2I3·219 or Se219.222) backbones, where 
electron delocalisation upon deprotonation occurs over the three four or five 
atom backbone. Lengthening of the P=E and shortening of the P-N bonds is 
the net result. This effect is much less pronounced with P-N-py systems and 
only small changes in bond angles and lengths occur in the P-N-C-N 
backbone as a consequence of deprotonation. In the platinum complex 11, 
deprotonation is accompanied by an increase in v(PN) from 920 cm'! to 936 
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cm-I and in the palladium complex 12 to 942 cm-I. Microanalytical and mass 
spectral data were satisfactory for both complexes. To confirm the structure 
of compounds 11 and 12 we carried out single-crystal X-ray diffraction 
studies. Suitable crystals of cis-[M(Ph2PNpy-P,Nh] (M = Pt 11 or Pd 12) 
were obtained by the slow evaporation of concentrated CHCb solutions. The 
molecular structures of the platinum complex 11 and its palladium analogue 
12 are both shown, and selected bond lengths and angles are given (Figure 
2.4, Table 2.4). Both 11 and 12 display cis geometry with respect to the 
phosphorus atoms and are square planar at metal [maximum deviations from 
M-P(1)-P(2)-N(I)-N(21) mean plane 0.06 A (Pt) 11 and 0.26 A below {N(1)}, 
0.30 A above {N(21)} 12]. Each complex consists of two chemically 
equivalent M-P-N-C-N rings, which, upon crystallographic examination, are 
found to contain subtle geometrical differences. The five-membered rings in 
the platinum complex 11 are slightly distorted from planar with P(I) lying 
0.17 A below the Pt(I)-P(I)-N(2)-C(2)-N(I) mean plane and P(2) lying 0.14 
A above the Pt(1 )-P(2)-N(22)-C(22)-N(21) mean plane. The angle between 
the aforementioned planes of atoms is 14°. The five-membered, PdPCN2 rings 
of complex 12, exhibit more prominent deviations from planarity. The pyridyl 
nitrogens N(1) and N(21) lie 0.34 A above and 0.28 A below the Pd(I)-P(1)-
N(2)-C(2)-N(1) and Pd(1)-P(2)-N(22)-C(22)-N(21) mean planes respectively. 
A much shallower angle (6°) is observed between the two planes of atoms. 
The P-N bond lengths are significantly different, P(1)-N(2) and P(2)-N(22) 
[1.640(5) A, 1.644(5) A for 11 and 1.638(3) A, 1.645(3) A for 12] being 
shorter than those observed for 5 [1.686(6) A and 1.689(7) A] and much 
shorter than in "free" dppap [1.705(3) A]. A significantly larger contraction 
of the N(2)-C(2), N(22)-C(22) [1.332(7) A, 1.333(7) A for 11 and 1.331 (5) A, 
1.341 (5) A for 12] and elongation of the C(2)-N(1), C(22)-N(21) [1.390(7) 
A1.380(7) A for 11 and 1.381(4) A, 1.374(5) A for 12] bonds is observed 
compared to those of the chelating ligand in 5 [N(2)-C(2) = 1.360(1) A and 
C(2)-N(1) = 1.350(1) A]. The P-N-C bond angles [114.0(4t and 
113.8(4)° for 11, 114.7(3)° and 114.5(3)° for 12] are considerably smaller 
than those of either the "free" ligand 1 [124.40(2)°] or the chelating ligand of 
complex 5 [120.20(6)°]. This contraction in bond angle upon deprotonation is 
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also observed in related systems containing P-N-P in their backbones.2oo.222 
Figure 2.4 Crystal structures of cis-[Pt(Ph2PNpy-P,N)2] 11 (above) and 
cis-[Pd(Ph2PNpy-P,N)2] 12 (below) .. 
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Table 2.4 Selected bond lengths (A) and angles (0) for complexes 11 and 12. 
M-P(1) 
M-P(2) 
P(1)-N(2) 
P(2)-N(22) 
N(2)-C(2) 
N(22)-C(22) 
C(2)-N(1) 
C(22)-N(21) 
N(1)-M 
N(21)-M 
P(1)-M-P(2) 
N(1)-M-N(21) 
P(1)-M-N(21) 
P(2)-M-N(I) 
P(l)-M-N(1) 
P(2)-M-N(21) 
M-P(1)-N(2) 
M-P(2)-N(22) 
P(1 )-N(2)-C(2) 
P(2)-N(22)-C(22) 
N(2)-C(2)-N(1 ) 
N(22)-C(22)-N(21 ) 
11 
2.243(2) 
2.234(1) 
1.640(5) 
1.644(5) 
1.332(7) 
1.333(7) 
1.390(7) 
1.380(7) 
2.112(4) 
2.112(4) 
105.68(5) 
97.7(1) 
169.1(1) 
172.8(1) 
79.0(1) 
78.7(1) 
104.5(2) 
105.5(2) 
113.8( 4) 
114.0( 4) 
122.2(5) 
121.6(5) 
12 
2.247(1) 
2.244(1) 
1.638(3) 
1.645(3) 
1.331(5) 
1.341(5) 
1.381(4) 
1.374(5) 
2.119(3) 
2.118(3) 
104.62(4) 
98.9(1) 
168.99(9) 
173.13(9) 
78.89(8) 
78.80(9) 
103.5(1) 
104.7(1 ) 
114.7(3) 
114.5(3) 
121.1(4) 
121.3(3) 
We have also found that chloride abstraction from cis-
[MCI(Ph2PNHpy-P,N)(Ph2PNHpy-P)][CI] (M = Pt 5 and Pd 8) with Ag[BF4] 
in dichloromethane affords the dicationic species cis-[M(Ph2PNHpy-
P,N)2][BF4h (M = Pt 13 and Pd 14). In addition, we found that complexes 13 
and 14 were easily prepared by treatment of cis-[M(Ph2PNpy-P,N)2] (M = Pt 
11 and Pd 12) with a small excess of HBF4'OEh in dichloromethane. 
Compounds 13 and 14 were isolated as cream coloured solids in good yield 
(81 and 79 % respectively) and display the expected spectral and analytical 
properties. The platinum complex displayed a sharp single resonance with 
platinum satellites in the 3lpeH} NMR spectrum (in d6-dmso) [3(P) 64.1, 
IJe95pt)l p) 3475 Hz]. Similarly, the palladium complex gave a sharp singlet 
at 3(P) 88.0. The IH NMR spectra (in d6-dmso) of the two complexes clearly 
78 
showed the NH proton resonances as multiplets at 8(H) 8.20 (13) and 
o(H) 8.19 (14) and the pyridyl C[6] proton resonances as multiplets at 
O(H) 7.99 (13) and 8(H) 7.97 (14). The IR spectra of 13 and 14 displayed 
broad v(N-H) bands at 3235 cm-I. This shift to higher frequency, compared to 
that of cis-[PtCI(Ph2PNHpy-P,N)(Ph2PNHpy-P)][Cl] 5 [v(N-H) 2666 cm-I], is 
because of the much weaker hydrogen bonding between the amine protons 
and the [BF4r anions. Additional bands for both 13 and 14 at 900 cm-' [v(P-
N)], and single bands at higher frequency than "free" dppap, at 1615 cm-' 
[v(C=N)], indicative of protonated ligand and pyridyl co-ordination 
respectively, were in evidence. Microanalytical data was satisfactory and the 
positive ion FAB mass spectra gave, for both complexes, the expected [M-
2BF 4f+ parent ion with appropriate isotope distribution and fragmentation 
patterns. Suitable crystals of cis-[Pd(Ph2PNHpy-P,N)2][BF4h 14 were 
obtained by the slow evaporation of a concentrated methanol solution. The 
proposed structure was verified by X-ray crystallography and the molecular 
structure of 14 along with selected bond lengths and angles is shown below 
(Figure 2.5, Table 2.5). The molecule is a four coordinate species with cis 
geometry and is square planar at palladium. In addition, the molecule 
possesses crystallographic two-fold symmetry, the palladium atom is located 
on the two-fold axis. The small bite angle of the ligand causes considerable 
distortions from idealised square planar geometry. The (rans P-Pd-N 
[167.6(2)°] axes are less than 180° and the cis P-Pd-P [101.9(1)°] and N-Pd-N 
[98.3(5)°] angles exceed 90°. The five-membered rings of 14 are slightly 
puckered with the amine nitrogen N(1) lying 0.2 A above the Pd(1)-P(1)-
N(2)-C(2)-N(1) mean plane. The angle between the planes defined by the two 
rings is 21°. The P(1)-N(2)-C(2) angle is 119.1(6)° whilst the P(1)-N(2), 
N(2)-C(2) and C(2)-N(1) distances are 1.677(7), 1.39(1) and 1.33(1) A 
respectively. The P(1 )-N(2)-C(2) angle and the P(1 )-N(2) distance are as 
expected for protonated chelating ligands, however, a small increase (the 
converse of previously discussed examples) in the N(2)-C(2) distance is 
exhibited. In addition, the elongation of the C(2)-N(1) bond (also evident in 
previous examples) does not occur. The crystal structure also shows that the 
NH protons are hydrogen bonded to the [BF4r counter-ions [H(2)' . 'F(3) 
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2.24 A, F(3} . 'N(2) 2.95(1) A, N(2)-H(2)' . 'F(3) 163.0°]. 
N(2) 
H(2) -. f .. 
""X 
F(3) 
Figure 2.5 Crystal structure of cis-[Pd(Ph2PNHpy-P,N)2][BF4]z 14. 
Table 2.5 Selected bond lengths (A) and angles (0) for cis-[Pd(Ph2PNHpy-
P,N)2][BF4]z 14. 
Pd(1)-P(1) 2.234(2) C(2)-N(1) 1.33(1) 
P(1)-N(2) 1.677(7) N(1)-Pd(1) 2.084(9) 
N(2)-C(2) 1.39(1) 
P(1 )-Pd(1 )-P(1A) 101.9(1) N(1 )-Pd(1 )-N(1 A) 98.3(5) 
P(1 )-Pd(1 )-N(1A) 167.6(2) P(1 )-N(2)-C(2) 119.1(6) 
P(1 )-Pd(1 )-N(1) 81.2(2) C(2)-N(1)-Pd(1) 119.8(7) 
N(2)-C(2)-N(l) 114.2(8) 
A general reaction scheme of the previously discussed compounds is shown 
below (Scheme 2.1). 
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(i) 
M=Pt orPd 
5M=Pt 
8M=Pd 
(ii) 
[Cl] 
(iii) 
13 M = Pt 
14 M=Pd 
[X] 
6 M = Pt, X = Br 7 M = Pt, X = I 
9 M = Pd, X = Br 10 M = Pd, X = I 
Scheme 2.1 (i) Ph2PNHpy, MeCN; (ii) KBr or NaI, acetone; (iii) tBuOK, 
MeOH; (iv) Ag[BF4], CH2Ch; (v) HBF4'OEt2, CH2C12, 
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The reaction between two equivalents of Ph2PNHpy 1 added as a solid to a 
dichloromethane solution of [PtMe2(cod)] gives two products (Figure 2.6). 
RN P 
\ NH P~P / 
\ ...... PPh2 
/Pt 
Me \ 
Me 
A B 
Figure 2.6 Products obtained by reaction of [PtMe2(cod)] with Ph2PNHpy. 
Structural assignment is based on positive ion FAB mass spectral and 31 p eH} 
NMR data of the isolated material. The 31 p eH} NMR spectrum shows three 
singlet resonances. The first at 8(P) 26.4 corresponding to unreacted ligand, 
the second at 8(P) 54.3 eJe95pt)lp) 2090 Hz] to [PtMe2(Ph2PNHpy-Ph] A 
and the third 8(P) 70.7 [lJe 95pt)lp) 2178 Hz] to [PtMe2(Ph2PNHpy-P,N)] B. 
The observed difference in chemical shift of complexes A and B is also 
evident in complexes described earlier in this chapter cl 5 and 13 where 
increased 8(P) values were obtained upon chelation (the chelate ring 
effect). 199 The relative intensities of A and B show that the expected complex 
[PtMe2(Ph2PNHpy-P)2] A constitutes approximately 70% of the isolated 
material. A second experiment was performed using only one equivalent of 
Ph2PNHpy 1. Examination of the reaction mixture by 31peH} NMR showed 
both products were present in solution but species B constituted 
approximately 80% of the phosphorus-containing material. Pure B, (by 
31 p eH} NMR) was prepared by slow dropwise addition of a dichloromethane 
solution of Ph2PNHpy 1 to a solution of [PtMe2(cod)] in the same solvent, but 
was not successfully isolated as a solid. The preparation of 
[PtMe2(Ph2PNHpy-P)2] A as a pure solid was abandoned due to constant 
contamination with unreacted ligand and the mono(bidentate ligand) species 
B. The positive-ion F AB mass spectrum gave parent ion peaks which coincide 
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with the proposed speCIes observed in the 3lpeH} NMR spectrum. By 
comparison, the addition of two equivalents of solid Ph2PNHpy 1 to a 
dichloromethane solution of [PtCIMe(cod)] gave by 3lpeH} NMR (in CDCh) 
a single product, characterised as cis-[PtMe(Ph2PNHpy-P,N)(Ph2PNHpy-
P)][CI] 15, in 95% yield. The Ph2Ppy equivalent of 15 cis-[PtMe(Ph2Ppy-
P,N)(Ph2Ppy-P)][BF4] was prepared by the addition of a halide abstractor to 
cis-[PtCIMe(Ph2Ppy-P)z] In solution and the product has been 
crystallographically characterised.29 There is strong 3lpeH} NMR evidence 
for the structural assignment of 15. The complex displays a well resolved AX 
type 3lpeH} NMR spectrum, with a low frequency resonance at 8(P) 38.4 
[IJ(195pt_3I p A) 3948 Hz] assigned as mono dentate P bound ligand trans to 
pyridyl nitrogen of the chelating ligand. The observed large trans P-Pt-N(py) 
coupling constant of 15 [3948 Hz] is much greater than that observed for cis-
[Pt(PPh3)z(pY)2][CI04h223 [3276 Hz] but is in fairly good agreement with the 
trans P-Pt-N(py) coupling constant of cis-[PtMe(Ph2Ppy-P,N)(Ph2Ppy-
P)][BF4]29 [4226 Hz]. The high frequency resonance occurs at 8(P) 84.2 
[IJe95pt_3IPx) 2019 Hz] assigned as the PN chelating ligand and displays a 
typical trans P-Pt-Me coupling constant. The small 2JelpA-3IPx) coupling 
constant of 11 Hz is indicative of a mutual cis arrangement of phosphines 
around the metal. Further evidence is provided by the IH NMR spectrum (in 
CDCh) which shows a broad peak at 8(H) 11.5 and a multiplet at 8(H) 8.3 
assigned respectively as the amine and the pyridyl C[6] protons of the 
chelating ligand. Two broad doublets 8(H) 8.0 and 8(H) 7.8 have been 
tentatively assigned as the amine and pyridyl C[6] protons respectively of the 
'dangling' P bound ligand. The methyl group resonance appears as a double 
doublet at 8(H) 0.64 eJe1p-IH) 4 Hz, 2Je95 pt_1H) 51 Hz]. The IR spectrum 
of 15 is very similar to those of 5 and 8 with respect to the absence of the 
expected free v(N-H) band. The lack of which, considering the structural 
similarities of 5 and 15, is almost certainly due to the same type of solid state 
hydrogen bonding observed in the crystal structure of 5. This assumption is 
supported by the broad v(N-H) band at 2706 cm-I which, as discussed earlier, 
is characteristic of strongly hydrogen-bonded NH protons. Also, there are two 
bands at 1614 cm-I and 1593 cm-I assigned as the v(C=N) of the pyridine 
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ring, indicative of two dppap co-ordination modes, bidentate PN and 
'dangling' P bound. The absence of a v(Pt-Cl) stretch is also consistent with 
the proposed structure. Microanalytical data were in good agreement with 
calculated values and the positive ion F AB mass spectrum showed a peak at 
766 which corresponds to [PtMe(Ph2PNHpyht. No attempt to synthesise 
mono(bidentate ligand) complexes from [PtClMe(cod)] was made. Reaction 
of 15 with 2.5 molar equivalent of tBuOK in methanol leads to Ph2P-N bond 
cleavage of one of the dppap ligands and deprotonation of the other to give, 
in 78% yield, the unexpected Pt(II) species cis-[PtMe(Ph2PNpy-P,N)-
{Ph2POMe-P}] 16 (Equation 2.3). The AX 3lpeH} NMR spectrum (in 
CDCh) of 16 shows a high-frequency resonance at 8(P) 100.6 eJe 95 pt_3I p) 
4447 Hz], which we have assigned as the coordinated Ph2POMe. Although 
comparison of the previously mentioned Ph2POMe 8(P) and J values found in 
16 to those observed for cis-[PtCh(Ph2POMe)2] 8(P) 85.6 [IJe 95 pt_ 31 p) 4175 
HZ]224 is not entirely valid it highlights the high frequency resonances and the 
large J values associated with platinum (11) diphenylmethylphosphinite 
complexes. 
[Cl] 
2.5 M equiv tBuOK, MeOH 
~ 
15 16 
Eqn 2.3 
The lower frequency resonance occurs at 8(P) 90.0 [IJe 95 pt_ 31 p) 1950 Hz], 
and is assigned as the deprotonated chelating ligand. The small coupling 
constant [1950 Hz] is similar to that of complex 15 [2019 Hz], establishing 
that the chelating ligand trans P-Pt-Me geometry of 15 persists in complex 
16. Additional evidence in support of the proposed retention of cis geometry 
is the small 2Je 1p A)l pX) coupling constant of 8 Hz, a value consistent with a 
cis configuration of ligands. The IH NMR spectrum of 16 supports the 
proposed structural assignment. The absence of amine proton resonances and 
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the presence of the anticipated pyridyl C[6] proton multiplet at 3(H) 8.1 are 
concordant with the structure, but, most significant, is the doublet resonance 
of the P-OMe methyl group that integrates to three protons at 3(H) 3.0 
e JeIp-IH) 8 Hz] . The three methyl protons in common with complex 15 
occur as a double doublet at 3(H) 0.25 e JeIp_IH) 4 Hz, 2Je95pt)H) 55 Hz]. 
Supporting IR data includes only one pyridyl v(C=N) band [1613 cm-I] in 
contrast to two [1614 and 1593 cm-I] observed in complex 15 and the v(P-N) 
band [937 cm-I] at higher energy than those of 15 [907 cm-I], which is 
indicative of deprotonation. Microanalytical data were satisfactory and the 
positive-ion F AB mass spectrum gave the expected parent ion for 
[PtMe(Ph2PNpy)(Ph2POMe)t at [mlz = 704] and isotope distribution 
patterns. 
Although the synthesis of complex 16, via methanolysis of a Ph2P-N 
bond, is rather unusual, a number of similar Ph2P-N bond cleavage reactions 
have been observed. Krishnamurthy and co-workers225 recently reported the 
facile P-N bond cleavage in unsymmetrical diphosphazene complexes of 
palladium (H) giving products of the type [PdCh{PhP(NHipr)R}-
(Ph2POMe)] (where R = OC6H4Br-4 or OC6H3Me2-3,5). Farrar et aP26 
reaction In the dicationic platinum (H) complex 
[dppma = bis( di phenylphosphino )methylamine, 
reported a similar 
[Pt( dppma )2] 2+ 
Ph2PN (Me )PPh2], yielding [Pt{Ph2PN(Me)PPh2} (Ph2PNHMe)(Ph2POMe)]2+. 
In addition to the above examples of ring opening reactions, recent 
publications from our group have demonstrated that methanolysis of Ph2P-N 
bonds in complexes bearing monodentate phosphines can be induced by 
prolonged reflux in methanop04 or via the reaction of four equivalents of 
Ph2PNHP(O)Ph2 with the cyclometallated dimer [{Pd(u-Cl)(C6H4CH2NMe2-
o-C,N) h] in methanol at ambient temperature yielding [PdCI {Ph2PNP(O)Ph2-
P,O)(Ph2POMe)].203 
The reaction of dppap with [AuCI(tht)] proceeds by the displacement 
of tht (tht = tetrahydrothiophene) to give the anticipated product 
[AuCI(Ph2PNHpy-P)] 17 in excellent yield (90%). The complex exhibits the 
expected spectroscopic and analytical properties. [AuCI(Ph2PNHpy-P)] 17 
showed a single sharp resonance in the 3IpeH} NMR spectrum (in CD Ch) at 
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O(P) 55.4 and the IH NMR spectrum in the same solvent showed the pyridyl 
C[6] proton as a multiplet at o(H) 8.01 and that the amine proton was 
obscured by the aromatic resonances. From the IR spectrum we can identify a 
strong v(N-H) band at 3373 cm"l - this is in contrast to previously discussed 
complexes where strong hydrogen-bonding interactions have broadened and 
shifted this band to a much lower frequency. We can also identify v(P-N) at 
909 cm"1 and v(py C=N) at 1593 cm"1 which is at lower wavenumber than the 
"free" ligand v(py C=N) vibration at (1601 cm"l) which suggests that there is 
little, if any, interaction between the pyridyl nitrogen and the gold atom. 
Suitable crystals of [AuCI(Ph2PNHpy-P)] 17 were grown by slow diffusion of 
diethyl ether into a dichloromethane solution. The crystal structure is shown 
(Figure 2.7) and selected bond lengths and angles are given (Table 2.6). 
Figure 2.7 Crystal structure of [AuCI(Ph2PNHpy-P)] 17. 
Table 2.6 Selected bond lengths (A) and angles (0) for [AuCI(Ph2PNHpy-P)] 
CI(1 )-Au(1) 
P(1)-N(2) 
C(2)-N(1) 
CI(1)-Au(1)-P(1) 
P(I)-N(2)-C(2) 
2.2813(12) 
1.687(4) 
1.336(6) 
177.14(5) 
121.7(3) 
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Au(1)-P(1) 
N(2)-C(2) 
Au(1 )-P(1 )-N(2) 
N(2)-C(2)-N(1 ) 
2.2187(11) 
1.399(7) 
114.3(2) 
116.0(4) 
The crystal structure confirmed the absence of any interaction between 
the gold and pyridyl nitrogen atoms, the Au(1)-N(1) distance is 3.23 A. The 
CI(l)-Au(1)-P(1) angle 177.14(5)° is unremarkable and the P(I)-N(2)-C(2) 
angle of 121. 7 (3)° is as expected for a monodentate P bound ligand. The P(1)-
N(2) and C(2)-N(1) distances of 1.687(4) and 1.336(6) A are as anticipated 
but the N(2)-C(2) distance [1.399(7) A] is longer than that found in the "free" 
ligand [1.374(5) A]. Additionally, a long distance intermolecular hydrogen-
bonding type interaction between the NH proton H(2n) and the pyridyl 
nitrogen N(lA) of adjacent molecules is evident. The H(2n)· 'N(1A) 
distance of 2.64 A and the N(2)-H(2n)' . 'N(lA) angle of 134° are 
considerably larger and smaller respectively than those observed in 1 [H(2n)· 
. ·N(1A) 2.04 A] and [N(2)-H(2n)' . ·N(1A) 160°]. Although the H(2n)· . 
·N(1A) separation found in 17 is too long to be considered as a formal 
hydrogen-bond, the observed infinite chain packing of molecules in the 
crystal structure arises as a result of this weak interaction. 
Treatment of 17 in dichloromethane with solid Ag[CI04] after work-
up gave a white powder which we have characterised as [{Au(,u-Ph2PNHpy-
P,N)hHCI04h (HT) 18, (HT = head to tail) (Equation 2.4). 
17 
o ll~NH I \ t" rh, 
Ph P Au 
2 \ I li'() 
18 
Eqn 2.4 
The complex displayed a sharp single resonance in the 3lp{lH} NMR (in 
CH2Ch/C6D6) at O(P) 62.7, a shift to higher frequency of 7 ppm relative to 
the starting material 16. The lH NMR was particularly uninformative but the 
IR spectrum showed a higher energy pyridyl v(C=N) band at 1611 cm-l 
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compared to 1593 cm -I for 15 which is indicative of coordinating behaviour. 
The positive-ion F AB mass spectrum gave evidence for the formation of the 
bimetallic species showing a peak at mlz 951 which corresponds to [{Au(u-
Ph2PNHpy-P,N)h]2+. Attempts to grow crystals of 18 from MeOH/Et20 and 
CH2Ch/Et20 solvent systems resulted in complete decomposition and 
isolation of crystalline Au[CI04]. 
The rapid sequential addition of two equivalents of Ph2PNHpy 1 
followed by tBuOK to a suspension of [{Pt(u-OMe)(CgH120Me)h] in 
methanol resulted in methoxy bridge cleavage of the Platinum (H) dimer 
(Equation 2.5). 
OMe 
Me 
I 
/0, 
Pt Pt 
" / 
° I 
Me 
MeO 
methanol 
F/SAoMe 
.. 2 /Pt 
O-N ~PPh2 ~ ~ N 19 
1. 2 M equiv dppap 
2. 2 M equiv tBuOK 
Eqn 2.5 
Obtaining the product (which was first isolated as a pale yellow oil) as 
a solid proved troublesome. Precipitation (of a pale yellow solid) was finally 
achieved by the dropwise addition of distilled water to a methanol solution of 
19. Examination of this material by 3lpeH} NMR (in CDCh) showed that a 
single phosphorus-containing product had been isolated, characterised as 
[Pt(C gH120Me){Ph2PNpy-P,N}] 19. The 3lpeH} NMR displays a single 
resonance at O(P) 63.2 which is very similar to O(P) 63.0 observed for cis-
[Pt(Ph2PNpy-P,N)2] 11. The large IJ(195Pt_3Ip) of 4087 Hz enabled us to 
establish which isomer had been synthesised, i.e. phosphorus trans to the 
olefin portion of CgH120Me, as P trans to Pt-C bonds have typical IJe95 pt_ 
31p) values of 2000 Hz. The IH NMR spectrum gave the expected CgH 120Me 
resonances and also confirmed that the ligand was deprotonated. Assignment 
of the IR spectrum was difficult but we were able to identify v(py C=N) at 
1607 cm-I and v(P-N) at 941 cm-I which are consistent with deprotonated 
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chelating ligand behaviour and also very close to those found in complex 11 
[v(py C=N) 1609 cm-I, v(P-N) 936 cm-I]. Micro analytical data was 
satisfactory and the positive-ion F AB mass spectrum gave the expected parent 
ion peak. Crystals of 19 suitable for crystallographic study were grown by 
slow diffusion of petroleum ether into a concentrated dichloromethane 
solution. The crystal structure (Figure 2.8, Table 2.7) shows that the complex 
is approximately square planar at platinum with the predicted phosphorus 
trans to olefin geometry. The five-membered Pt(1 )-P(1 )-N(2)-C(2)-N(1) ring 
is planar with a mean deviation of only 0.01 A. The bond lengths and angles 
of the ring are very similar to those observed in the PtPCN2 rings of cis-
[Pt(Ph2PNpy-P,Nh] 11, most notably the contracted P(1)-N(2)-C(2) angle 
[115.3(3)°] and the reduced P(1)-N(2) distance [1.647(3) A]. The crystal 
structure clearly established the presence of water molecules in the lattice and 
their bridging role in dimer formation. The pseudo-eight membered ring is 
symmetric and displays two distinct pairs of hydrogen bonds [H(30a)· . ·N(2) 
2.14 A, N(2)· . ·0(30) 3.11 A, 0(30)-H(30a)· . ·N(2) 167°] and [H(30b)· . 
·N(2A) 2.01 A, N(2A)· . ·0(30) 2.95 A, O(30)-H(30b)· . ·N(2A) 162°]. 
Table 2.7 Selected bond lengths (A) and angles (0) for 
[Pt(CgH120Me){Ph2PNpy-P,N} ]-H20 19. 
Pt(1)-P(1) 2.2233(11) Pt(1)-N(I) 2.132(3) 
Pt( 1 )-C(23) 2.064(4) P(1)-N(2) 1.647(3) 
Pt(1 )-C(19) 2.261(4) N(2)-C(2) 1.354(5) 
Pt( 1 )-C(20) 2.290(5) C(2)-N(1) 1.380(5) 
P(l)-Pt(1)-N(l) 79.77(9) N(1 )-Pt(1 )-C(20) 103.6(2) 
P(1)-Pt( 1 )-C(23) 96.43(13) C(23)-Pt(1 )-C(19) 87.8(2) 
P(1)-Pt(1 )-C(19) 155.68(14) C(23 )-Pt(l )-C(20) 80.2(2) 
P(1 )-Pt(1 )-C(20) 169.13(14) Pt(1 )-P(1 )-N(2) 106.97(13) 
N(1 )-Pt( 1 )-C(23) 176.2(2) P(1)-N(2)-C(2) 115.3(3) 
N (1)-Pt(1 )-C( 19) 95.4(2) N(2)-C(2)-N(1 ) 121.4(4) 
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Figure 2.8 Crystal structure of [Pt(CsH120Me){Ph2PNpy-P,N} ]·H20 
C(2) 
N(2) 
\ " \ "" H(30C) 
\ "~(30A)' 
HI30BI ! 
01301 ~ \ HI30Dl 
H(30A) "" \ 
" \ N(2A)~ 
C(2A) 
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The synthesis of the mixed ligand complex cis-[PtMe(Ph2PNpy-
P,N){Ph2POMe-P}] 16, discussed above, represents a rather unusual reaction. 
A more established route to complexes of the type [MCh(PR3)(PR'3)] is via 
redistribution reaction and a number of mixed phosphine ligand complexes of 
platinum (ll) and palladium (Il) have been previously reported.m .m We 
found that chloride bridge cleavage of the platinum (Il) dimer [{PtCI(u-
Cl)(PMe2Ph) h] with dppap in dichloromethane affords the unsymmetrical 
cationic complex cis-[PtCI{Ph2PNHpy-P,N}(PMe2Ph)][CI] 26 (Equation 2.6). 
The 31 p eH} NMR spectrum (in CDCh) of 26 is an AX type with platinum 
satellites, and reveals a small phosphorus-phosphorus coupling constant 
indicative of a structure with a mutual cis arrangement of phosphine ligands 
(Figure 2.9). 
J • 1ft ... i ii i I i i Ii I I i i I i lit i I i i i i I I Ii i i I i I i i Ii i i I ' 
I I I I i i I i i i i i I i i ill Ii , I i I i i I I " i I I I I i i I I i i i I i i i 
v ~ ~ ll.~ ~ ~ ~ ~ 
Fig 2.9 31peH} NMR spectrum (in CDCI3) of cis-[PtCI{Ph2PNHpy-
P,N}(PMe2Ph)][CI] 26. 
The chemical shift of the P-N ligand 8(P) 62.2 and the sharp spectral 
lines suggest bidentate co-ordination behaviour with no fluxionallity. This is 
substantiated upon examination of the 1 H NMR spectrum which shows the 
amine proton as a broad multiplet at 8(H) 12.22 and the pyridyl C[6] proton 
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as a multiplet at 8(H) 9.17 both significantly shifted to higher frequency than 
those observed for the "free" ligand [o(H) 7.97 C[6]H and 5.71 NH 1], which 
are also consistent with chelating behaviour. The cationic nature of the 
complex is exemplified by the very broad v(N-H) band at 2571 cm-1 in the IR 
spectrum, which is characteristic of strong hydrogen bonding, in this case 
with the chloride counterion. We also found that complex 26 was the sole 
product formed upon reaction of dppap with cis-[PtCh(PMe2Phh] In 
dichloromethane (Equation 2.6) confirmed by 31 p eH} NMR. 
\ dppap, CH2CI2 / 
[Cl] 
Eqn 2.6 
The crude product was precipitated by the addition of diethyl ether to the 
reaction mixture but recrystallisation from dichloromethane/diethyl ether was 
necessary to remove residual PMe2Ph, evidenced by its characteristic odours 
and line broadening in the 31peH} NMR spectrum. The reaction proceeds 
rapidly by substitution of PMe2Ph and halide, presumably as a consequence 
of the chelate ring effect. This substitution reaction was generally applied in 
the synthesis of a range of unsymmetrical cationic mixed ligand platinum and 
palladium complexes of the type cis-[MX'{Ph2PNHpy-P,N}(PR3)][X] (M = 
Pt, X' = X = Cl and PR3 = PMe3 20, PEt3 22, pnBu3 24, PMe2Ph 26, PPh2H 
28, (PPh3 29, X' = X = Br 31 or I 32, X' = Me and X = Cl 33), P(OMe)3 34, 
P(OEt)J 36, p(OnBu)3 38, P(OPh)3 39. Where M = Pd, X' = X = Cl and PR3 = 
PMe2Ph 41, PPh3 43, P(OMe)J 45, P(OEt)3 46, p(OnBU)3) 47 and P(OPh)3 48. 
Of the complexes listed above the majority were synthesised using solutions 
of solid [MX2(PR3)2] type materials. The formation and isolation in good to 
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excellent yield (82-96%) of complexes 24, 38, 46 and 47 by addition of 
dppap to quickly prepared dichloromethane solutions of [MX2(cod)] and the 
appropriate phosphorus ligand, clearly demonstrates that precursor isolation 
and purification is not necessary. All of the complexes displayed similar 
spectroscopic properties to those described for compound 26 i.e. AX type 
31 peH} NMR spectra with small 2Je 1p A_31px) coupling constants (Table 
2.11). High frequency pyridyl C[6]H and amine proton resonances as well as 
broad v(N-H) bands were in evidence in the IH NMR and IR spectra 
respectively. As well as the characterising data described above the IH NMR 
spectrum of cis-[PtCl{Ph2PNHpy-P,N}(PPh2H)][Cl] 28 displays a doublet at 
8(H) 5.19 with platinum satellites [lJe1p)H) 13 and IJe 95pt_lH) 90 Hz] due 
to the PPh2H proton. Also the IR spectrum of 28 contains a band at 2319 cm-
1 which is characteristic of v(P-H). The chloro 29, bromo 31 and iodo 32 
analogues of cis-[PtX{Ph2PNHpy-P,N}(PPh3)][X] were prepared in an 
identical manner from the relevant [PtX2(PPh3h] starting material. However, 
we also found that 31 and 32 could be prepared from the chloro analogue 29 
by metathesis with a large excess of the appropriate halide ion in refluxing 
acetone, a procedure which should be applicable, but was not extended to 
other chloro-complexes. Poorly resolved 31peH} NMR spectra were obtained 
for complexes 31 and 32 when run in CDCh due to rapid halide exchange 
with the solvent. Solutions of 31 and 32 in CDC13 which were left to stand for 
1 week and then re-examined by 31 p eH} NMR had undergone 100% 
conversion to the corresponding chloro-complexes. Positive ion F AB mass 
spectral and micro analytical data were consistent with the proposed 
structural assignments of 31 and 32. The addition of a stoichiometric quantity 
of dppap to a dichloromethane solution of cis-[PtC1Me(PPh3h] gave the 
anticipated product cis-[PtMe{Ph2PNHpy-P,N}(PPh3)][Cl] 33, in 88% yield. 
The expected AX type 31 p eH} NMR spectrum in CDCh is displayed, and 
shows a high-frequency resonance at 8(P) 82.3 [IJe 95pt_3I p) 2013 Hz], 
assigned to the chelating PN ligand with the phosphorus donor atom as 
suggested by the magnitude of the coupling constant lying (rans to the Pt-C 
bond. The lower frequency resonance at 8(P) 16.7 [IJe95pt)lPA) 3948 Hz] 
displays a large platinum-phosphorus coupling constant that is identical to the 
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value observed for complex 15 [lJe 95pt_31 p A) 3948 Hz] which has the same 
cis R3P-Pt-N(py) geometry. The IH NMR (CDCh) spectrum of 33 shows the 
methyl protons as a double doublet with platinum satellites at 8(H) 0.62 
eJe 95pt- 1H) 50 Hz]. The platinum complexes 36, 38 and 39, which have 
coordinated tri-ethyl, tri-"butyl and tri-phenyl phosphite groups respectively, 
all display the characteristically large coupling constants expected for these 
ligands. Most of the products were isolated as analytically pure crystalline 
solids after one or two recrystallisations from dichloromethane/diethyl ether. 
The one exception was cis-[PtCI{Ph2PNHpy-P,N}(PMe3)][CI] 20, which was 
stirred overnight in a thf/dichloromethane mixture with elemental sui fur 
which effected oxidation of the residual PMe3 allowing its removal from the 
complex. Two examples of this type of complex were crystallograpically 
characterised. Suitable crystals of complexes 20 and cis-[PtCI {Ph2PNHpy-
P,N}(P(OPh)3)][CI] 39 were grown by slow diffusion of diethyl ether into 
dichloromethane solutions. The molecular structures, along with selected 
bond lengths and angles, are given below (Figures 2.10 20 and 2.11 39 and 
Table 2.8). The crystal structures show the anticipated cis deposition of 
phosphorus atoms and reveal square-planar geometry at platinum [maximum 
deviations from Pt(1)-P(1)-P(2)-CI(1)-N(1) mean plane 0.4 A Pt(l) and 0.01 
A Pt(l) for 20 and 39 respectively]. A small difference is observed in the 
planarity of the Pt(1)-P(1)-N(2)-C(2)-N(1) five-membered rings. The ring of 
20 is near planar with a mean deviation of only 0.05 A, whilst that of 39 is 
slightly more distorted with maximum deviations of 0.09 A above and below 
the mean plane for P(1) and N(2) respectively. The P(2) and CI(1) 
substituents of both complexes lie significantly below the previously 
specified mean ring plane by 0.28 P(2) and 0.16 A CI(1) for 20 and 0.26 P(2) 
and 0.24 A CI(1) for 39. The bond lengths and angles of 20 and 39 are very 
similar to those displayed by the previously discussed platinum (ll) complex 
5. Another feature of 20 and 39 common to 5 is the cationic nature of the 
complexes and the hydrogen-bonding interaction between the amine proton 
H(2n) and the chloride counter-ion CI(2) [H(2n)' . 'CI(2) 2.14 A, CI(2)- . 
·N(2) 3.01 A, N(2)-H(2n)' . 'CI(2) 167°] for complex 20 and [H(2n)' . ·CI(2) 
2.11 A, CI(2)· . ·N(2) 3.06 A, N(2)-H(2n)' . 'CI(2) 161°] for complex 39. 
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Figure 2.10 Crystal structure of cis-[PtCI{Ph2PNHpy-P,N}(PMe3)][CI] 20. 
Figure 2.11 Crystal structure of cis-[PtCI{Ph2PNHpy-P,N}(P(OPh)3)][CI] 39. 
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Table 2.8 Selected bond lengths (A) and angles (0) for complexes 20 and 39. 
20 39 
Pt(1)-P(I) 2.216(2) 2.2338(13) 
Pt(1)-P(2) 2.258(3) 2.2113(12) 
Pt(1)-N(1) 2.129(7) 2.117(4) 
Pt( 1 )-CI( 1) 2.358(2) 2.3459(14) 
P(1)-N(2) 1.681 (7) 1.681(4) 
N(2)-C(2) 1.376(10) 1.374(6) 
C(2)-N(1) 1.337(9) 1.353(6) 
P(1 )-Pt(1 )-P(2) 97.27(8) 96.03(5) 
N(1 )-Pt(1 )-CI(1) 91.9(2) 92.77(11) 
P(1)-Pt(1)-N(1) 82.6(2) 82.50(11) 
P(2)-Pt(1 )-CI(1) 88.29(9) 88.69(5) 
P(1)-Pt(1 )-CI(l) 174.44(8) 175.27(5) 
P(2)-Pt(1)-N(l) 176.9(2) 178.14(12) 
Pt(I)-P(1)-N(2) 101.3(2) 100.7(2) 
P(1)-N(2)-C(2) 119.8(5) 120.1(3) 
N(2)-C(2)-N(1 ) 118.5(7) 118.0(4) 
C(2)-N(1 )-Pt(1) 116.8(5) 117.0(3) 
In contrast to its rapid reaction with cis-[MCh(PR3)2] (M = Pt or Pd) 
dppap is unreactive towards trans-[MCI2(PCY3)z] (M = Pt or Pd) even after 
prolonged reflux in thf. Examination of the reaction mixture after 48 h at 
reflux showed the presence of only trans-[MCh(PCY3)2] (M = Pt or Pd) and 
dppap. We can only assume that the inertness of the trans complexes is due to 
steric bulk of the PCY3 ligands, which is great enough to prevent approach of 
the dppap molecule to the metal centre. 
Using the same synthetic approach used to generate the neutral bis-
chelate complexes 11 and 12, which were discussed earlier in this chapter, 
neutral species of the type cis-[MCI {Ph2PNpy-P,N}(PR3)] (where M = Pt and 
PR3 = PMe3 21, PEt3 23, pnBU3 25, PMe2Ph 27, PPh3 30, P(OMeh 35, P(OEt)3 
37, P(OPhh 40, where M = Pd and PR3 = PMe2Ph 42, PPh3 44) were easily 
prepared by the addition of a stoichiometric quantity of tBuOK to a methanol 
solution of the corresponding protonated cationic species (Equation 2.7). The 
neutral species cis-[PtCI{Ph2PNpy-P,N}(PMe3)] 21 was prepared using this 
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method and isolated as a pale yellow solid in 87% yield. The 31 p {IH} NMR 
spectrum (in CD Ch) of 21 is, as expected, an AX type with platinum 
satelli tes. 
[Cl] 
tBuOK, MeOH 
Eqn 2.7 
Although the spectrum is very similar to that of its precursor cis-
[PtCI{Ph2PNHpy-P,N}(PMe3)][CI] 20, comparison of the two spectra reveals 
significant differences. In common with 20 eJe1pA-31 px) = 18 Hz], the 
31peH} NMR spectrum of 21 reveals a small but slightly reduced 2J(PA-PX) 
coupling constant of 14 Hz which is characteristic of a mutual cis 
arrangement of phosphine ligands. The deprotonated [Ph2PNpyr ligand of 21 
displays a high-frequency resonance at 8(P) 65.2 [lJe 95 pt)l p) 3542 Hz], a 
shift to higher frequency of approximately 3 ppm and a significantly reduced, 
by 237 Hz, IJe95pt_31p) coupling constant relative to 20. The low-frequency 
resonance assigned to the coordinated PMe3 group of 21 at 8(P) -27.9 
[lJe95pt_31p) 3239 Hz], is also changed relative to 20 but to a lesser extent. A 
small shift of 0.6 ppm to lower-frequency occurs in conjunction with an 
increase of 125 Hz in IJe95pt_31p) coupling constant. The shifts in 8(P) to 
higher or lower frequency and the accompanying increase/reduction in J 
values that occur upon conversion of cis-[PtCI{Ph2PNHpy-P,N}(PMe3)][CI] 
20, to cis-[PtCI{Ph2PNpy-P,N}(PMe3)] 21, represent a trend common to all 
deprotonated species (Table 2.11). 
However, not all of the previously described cationic species behaved 
predictably under deprotonating conditions. A dichloromethane solution of 
cis-[PtCI{Ph2PNHpy-P,N}(PPh2H)][CI] 28, when treated with a 
stoichiometric quantity of Et3N initially gave the expected yellow solution but 
with prolonged stirring a white solid was deposited. The extreme insolubility 
of this material prevented measurement of its NMR or mass spectra, hence 
only IR and microanalytical data are available. The IR spectrum of this 
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material is very similar to that of its starting material 28, and suggests that the 
dppap ligand is still protonated v(P-N) 903 cm-! and hydrogen-bonded to a 
chloride counter-ion as evidenced by the broad v(N-H) band at 2675 cm-I. 
Also, the v(P-H) band observed at 2319 cm-! in 28 is absent in the new 
compound, which could mean that a bimetallic phosphido bridged species has 
been formed (Figure 2.12) 
[Clh 
Fig 2.12 Possible product obtained by reaction of Et3N with complex 28. 
Microanalytical data was in close but not perfect agreement with the above 
formulation. Further work and characterisation is needed to fully understand 
this reaction. Several unsuccessful attempts to synthesise cis-[PdCI {Ph2PNpy-
P,N}(P(OPh)3)] 49 using tBuOK in methanol were made. Examination of 
reaction residues by 3!peH} NMR (in CDCh) showed multiple products and 
the presence of a significant quantity of starting material. Furthermore, a 
gradual darkening of the NMR sample (from bright orange to black) over the 
course of 1 hour, was observed. The degraded NMR sample was re-examined 
and showed additional peaks not observed in the fresh sample. The impurities 
and the eventual blackening of the NMR sample are thought to stem from the 
formation, followed by rapid decomposition, of unstable palladium alkoxy 
species. The presence of unreacted starting material in reaction residues 
suggests the possibility that two molecules of base have reacted with one 
molecule of starting material resulting firstly, in the desired deprotonation 
and secondly, in abstraction and replacement of the chloride ligand with 
[tBuOr or [Me Or. Attempted deprotonation reactions of palladium P(OMe)3 
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45, P(OEt)3 46 and p(OnBU)3 47 derivatives usmg the same method gave 
similar results to those observed for the palladium P(OPhh 48 complex. We 
found that the dropwise addition of a solution of Et3N to a dilute 
dichloromethane solution of 48 gave after work-up only the anticipated 
deprotonated product 49 as a bright yellow powder in 90% yield. Application 
of the same mild conditions to the deprotonation of complexes 46 and 47 gave 
comparable results to those obtained using tBuOK in methanol, and complex 
45, due to poor solubility, remained unchanged. Similar reactions conducted 
using stoichiometric quantities of the hindered, non-coordinating base 2,6-
dimethylpyridine instead of Et3N showed, by 31 p eH} NMR (in CDCI3), that 
decomposition had not occurred. Additionally, NMR samples left to stand 
over 48 hours showed no obvious sign of darkening. The 31p {IH} NMR 
spectra of reaction mixtures using 46 and 47 displayed two sets ofAX type 
resonances corresponding to unreacted starting material and possibly the 
expected product. Curiously, the addition of a large excess of 2,6-
dimethylpyridine to NMR samples containing both protonated and 
deprotonated species failed to push the reaction to completion and caused 
only minimal changes in solution composition. No further attempts at 
synthesising compounds of the type cis-[PdCI{Ph2PNpy-P,N}(P(OR)3)] were 
made. An example of this type of complex was also crystallograpically 
characterised. Suitable crystals cis-[PtCI{Ph2PNpy-P,N}(PMe3)] 21 were 
grown by slow diffusion of diethyl ether into a dichloromethane solution. The 
molecular structure, along with selected bond lengths and angles, are given 
below (Figure 2.13, Table 2.9). The crystal structure of 21 shows that the cis 
geometry of complex 20 remains unchanged upon deprotonation and reveals 
approximately square-planar geometry at platinum [maximum deviations from 
Pt(1)-P(1)-P(2)-CI(1)-N(1) mean plane 0.22 A below for CI(1) and 0.35 A 
below for P(2)]. The Pt(1)-P(1)-N(2)-C(2)-N(1) five-membered ring is 
essentially planar with a mean deviation of only 0.06 A. The bond lengths and 
angles of 21 are very similar to those displayed by the previously discussed 
platinum (11) complex 11 which also contains deprotonated chelating dppap 
ligands, but are significantly different to those of the cationic species 20. 
Most notable among these differences are the contracted P(1)-N(2) [1.638(4) 
A] and N(2)-C(2) [1.329(6) A] and the elongated C(2)-N(1) [1.377(6) A] 
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bond lengths compared to those of 20 [1.681(7), 1.376(10) and 1.337(9) A] 
respectively. Another salient feature of21 is the contraction of the P(1)-N(2)-
C(2) bond angle from 119.80(5)° in 20 to 115.20(3)°. The crystal structure 
also highlights, by the absence of counter-ions, the neutral nature of the 
complex. Micro analytical data (Table 2.10) and 3lp eH} NMR data (Table 
2.11) for complexes 20 to 49 inclusive are given below. 
Figure 2.13 Crystal structure of cis-[PtCI {Ph2PNpy-P,N}(PMe3)] 21. 
Table 2.9 Selected bond lengths (A) and angles (0) for complex 21. 
Pt(1)-P(1) 2.2136(11) 
. Pt(1)-P(2) 2.2537(14) 
Pt(1)-N(1) 2.091(4) Pt(1 )-CI(1) 2.3811(14) 
P(1)-N(2) 1.638(4) N(2)-C(2) 1.329(6) 
C(2)-N(1) 1.377(6) 
P(1 )-Pt(1 )-P(2) 100.06(5) N(1)-Pt(1 )-CI(1) 93.17(12) 
P(1)-Pt(1)-N(I) 79.69(11) P(2)-Pt(1 )-CI(1) 87.06(5) 
P(1)-Pt(1 )-Cl(1) 172.85(5) P(2)-Pt(1)-N(1) 176.44(11) 
Pt(1)-P(1)-N(2) 105.80(2) P(1)-N(2)-C(2) 115.20(3) 
N(2)-C(2)-N(1) 121.10(4) C(2)-N(1 )-Pt(1) 116.70(3) 
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Table 2.10 Microanalytical data for compounds 20-49 inclusive, (calculated 
values in parentheses). 
Compound C H N 
20 cis-[PtCI{LH}(PMe3)][CI] 38.87(38.72) 3.75(3.90) 4.22(4.52) 
21 cis-[PtCI{L}(PMe3)] 40.83(41.14) 3.37(3.97) 4.30(4.80) 
22 cis-[PtCI {LH}(PEt3)][CI] 41.74(41.70) 4.27(4.56) 3.66(4.23) 
23 cis-[PtCl{L}(PEt3)] 43.75(44.13) 4.32(4.67) 3 .98(4.48) 
24 cis-[PtCI {LH}(pnBu3)][CI] 47 .00(46.65) 5.52(5.67) 3.11(3.75) 
25 cis-[PtCI {L }(pnBU3)] 49.35(49.05) 5.39(5.82) 3.61(3.94) 
26 cis-[PtCI{LH}(PMe2Ph)][CI] 43.71(44.00) 3.55(3.84) 3.91(4.10) 
27 cis-[PtCI{L}(PMe2Ph)] 46.34( 46.48) 4.21(3.90) 3.84(4.34) 
28 cis-[PtCI{LH}(PPh2H)][Cl] 46.85(47.68) 3.63(3.59) 3.70(3.83) 
29 cis-[PtCl{LH}(PPh3)][Cl] 51.88(52.12) 3.85(3.75) 3.22(3.47) 
30 cis-[PtCl{L}(PPh3)] 53.93(54.59) 3.32(3.80) 3.54(3.64) 
31 cis-[PtBr{LH}(PPh3)][Br] 47.05(46.95) 3.63(3.38) 2.91(3.13) 
32 cis-[PtI{LH}(PPh3)][I] 41.53( 42.49) 3.16(3.06) 2.10(2.83) 
33 cis-[PtMe{LH}(PPh3)][Cl] 54.58(55.00) 4.20(4.23) 3.44(3.56) 
34 cis-[PtCl{LH}(P{OMeh)][Cl] 36.68(35.94) 3.49(3.62) 4.35( 4.19) 
35 cis-[PtCl{L}(P{OMeh)] 38.13(38.02) 3.42(3.67) 4.14(4.43) 
36 cis-[PtCl{LH}(P{OEth)][Cl] 38.60(38.88) 4.14(4.26) 3.76(3.94) 
37 cis-[PtCl{L}(P{OEth)] 40.68( 40.99) 4.15(4.34) 4.13(4.16) 
38 cis-[PtCl{LH}(p{OnBuh)][CI] 43.75(43.84) 5.35(5.33) 3.62(3.53) 
39 cis-[PtCl{LH}(P{OPhh)][Cl] 48.98(49.19) 3.41(3.54) 2.94(3.28) 
40 cis-[PtCl{L}(P{OPhh)] 50.62(51.39) 3.37(3.57) 2.73(3.42) 
41 cis-[PdCl{LH}(PMe2Ph)][Cl] 50.28(50.57) 4.29( 4.41) 4.03(4.72) 
42 cis-[PdCl {L }(PMe2Ph)] 53.64(53.88) 4.04(4.52) 4.75(5.03) 
43 cis-[PdCl {LH}(PPh3)][Cl] 58.64(58.56) 4.04(4.21) 4.15(3.90) 
44 cis-[PdCl{L}(PPh3)] 60.99(61.69) 4.19(4.29) 4.02(4.11) 
45 cis-[PdCl{LH}(P{OMeh)][Cl] 42.01(41.44) 4.16(4.17) 5.16(4.83) 
46 cis-[PdCI{LH}(P{OEth)][CI] 44.67(44.43) 4.65(4.86) 4.48(4.51) 
47 cis-[PdCI{LH}(P{OnBuh)][Cl] 48.75(49.34) 5.35(6.00) 4.62(3.97) 
48 cis-[PdCI{LH}(P{OPhh)][Cl] 54.65(54.88) 3.82(3.95) 3.45(3.66) 
49 cis-[PdCl{L}(P{OPhh)] 56.97(57.62) 3.91(4.01) 3.64(3.84) 
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Table 2.11 3IpeH}Q NMR data for complexes 20-49. 
Chemical Shifts/ppm Coupling constants/Hz 
Complex 8(P A) [dppap] IJ(pt-Pdppap) IJ(Pt-Px) 2J (PdPpap-PX) 
20 cis-[PtCI {LH}(PMe3)] [Cl] 62.3 -27.3 3779 3114 
18 
21 cis-[PtCI {L }(PMe3)] 65.2 -27.9 3542 3239 
14 
22 cis-[PtCI {LH}(PEt3)] [Cl] 61.7 4.3 3816 3123 
17 
23 cis-[PtCI {L } (PEt3)] 64.7 3.3 3589 3246 
13 
24 cis-[PtCI {LH} (pnBU3)] [Cl] 61.5 -3.3 3840 3106 16 
25 cis-[PtCI {L }(pnBU3)] 64.7 -4.4 3603 3251 
12 
26 cis-[PtCI {LH} (PMe2Ph)] [Cl] 62.2 -21.3 3750 3198 
15 
27 cis-[PtCI{L}(PMe2Ph)] 64.8 -20.2 3502 3337 12 
28 cis-[PtCI{LH}(PPh2H)][CI] 62.1 -16.9 3513 3271 16 
29 cis-[PtCI {LH}(PPh3)][CI] 63.7 6.8 3754 3361 14 
30 cis-[PtCI{L}(PPh3)] 66.4 10.3 3493 3486 9 
31 cis-[PtBr{LH}(PPh3)][Br] 
32 cis-[PtI{LH}(PPh3)][I] 
33 cis-[PtMe{LH}(PPh3)][CI] 82.3 16.7 2013 3948 10 
34 cis-[PtCI{LH}(P{OMe h)][CI] 
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Chemical Shifts/ppm Coupling constants/Hz 
Complex o(P) [dppap] 1 J(Pt-P dppap) 1 J(Pt-Px) 2 J(P dppap-Px) 
35 cis-[PtCI{L}(P{OMeh)] 54.9 71.6 3847 5371 18 
36 cis-[PtCI{LH}(P{OEth)][CI] 62.4 68.0 3691 5382 17 
37 cis-[PtCI {L }(P{OEth)] 64.3 82.8 3385 5560 13 
38 cis-[PtCI {LH} (P {OnBu h)] [CW 62.5 67.8 3691 5371 18 
39 cis-[PtCI {LH}(P {OPhh)] [Cl] 61.4 63.9 3552 6461 14 
40 cis-[PtCI {L }(P{OPhh)] 66.5 74.7 3285 5955 13 
41 cis-[PdCI{LH} (PMe2Ph)] [CI]< 86.1 1.9 6 
42 cis-[PdCI {L } (PMe2Ph)Y 91.8 -0.2 4 
43 cis-[PdCI {LH}(PPh3)] [CIY 88.8 29.9 3 
44 cis-[PdCI{L}(PPh3)Y 93.6 29.6 
n.od 
45 cis-[PdCI{LH}(P{OMeh)][CI] 
46 cis-[PdCI{LH}(P{OEth)][CI] 84.6 93.5 22 
47 cis-[PdCI{LH}(P{OnBuh)][CI]b 76.7 56.2 44 
48 cis-[PdCI{LH}(P{OPhh)][CI]< 88.1 89.3 26 
49 cis-[PdCI{L}(P{OPhh)] 91.6 99.1 20 
a Spectra (36.2 MHz) measured in CD Ch unless otherwise stated. b Spectra (36.2 MHz) measured in CDCh/MeOH. C Spectra 
(101.3 MHz) measured in CDCh. d Not observed. HL = chelating, protonated ligand Ph2PNHpy, L = chelating deprotonated ligand 
Ph2PNpy. 
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EXPERIMENT AL 
General experimental conditions and instrumentation were as set out 
on page 16. The complexes [AuCI(tht)] (tht = tetrahydrothiophene),229 
[MClz(cod)] (M = Pt or Pd; X = Cl, Br, or I; cod = cycloocta_l,5_diene),230,231 
[PtMeX(cod)] (M = Cl, Me),232 [{Pt(Il-0Me)(CsH120Me)}z]233 and [{PtCI(Il-
Cl)(PMe2Ph) }z]234 were prepared using literature procedures. Complexes of 
the type cis-[MClz(PR3)z] were prepared by the addition of stoichiometric 
quantities of the appropriate free phosphine or phosphite to [MClz(cod)] (M = 
Pd or Pt). Chlorodiphenylphosphine was distilled prior to use. 2-
aminopyridine (99% purity), NEt3 (99% purity), 2,6-dimethylpyridine (99% 
purity), Ag[BF4] (98% purity), Ag[CI04], tBuOK (95% purity), HBF4·0Et2 
(85% in diethylether), H202 (30 wt. % in H20) and reagent grade KBr and 
N aI were used without further purification. 
Ph2PNHpy 1. Neat chlorodiphenylphosphine (13.5 cm3, 16.6 g, 75.2 mmol) 
was added dropwise over 15 min to a solution of 2-aminopyridine (7.07 g, 
75.2 mmol) and triethylamine (10.8 cm3, 7.84 g, 77.48 mmol) in thf (250 
cm3) at O°C. The reaction was slowly warmed to room temperature and stirred 
for 24 h after which time the mixture was filtered to remove precipitated 
triethylamine hydrochloride. The precipitate was washed with thf (2 x 50 
cm3). The washings and the filtrate were combined and taken to dryness 
under reduced pressure leaving a pale yellow oil which on cooling 
spontaneously crystallised. The material was removed from the flask and 
washed with methanol (100 cm3) then diethyl ether (2 x 75 cm3) and dried in 
vacuo. Yield 16.3 g, 78 %. Microanalysis: Found (Calcd. for C17H lSN2P), C 
72.99 (73.37), H 5.44 (5.43), N 9.97 (10.07) %. 31p_{H} NMR (CDCh): 
26.4(s) ppm. IH NMR (CDCh): 0 7.97 (d, 1 H, pyC[6]H), 7.45 (m, 3 H, 
aromatics) 7.34 (m, 8 H, aromatics), 7.04 (br d, 1 H, aromatic), 6.66 (m, 1 H, 
aromatic) and 5.71 (d, 1 H, 2Je1p)H) 8.4 Hz, NH). FAB+ MS: mlz 278 [Mt. 
IR (KBr): 3122s, 3070w, 3050w, 1601 vs, 1585m, 1574s, 1503s, 1491 vs, 
1480s, 1440vs, 1418s, 1301vs, 1278m, 1246w, 1180w, 1153m, 1069w, 
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1052w, 1027w, 991m, 968vw, 920vs, 843w, 798w, 771s, 740vs, 730vs, 
695vs, 630w, 597w, 519m, 510s, 475m, 442m, 430m, 405w, 378w cm-I. 
Ph2P(O)NHpy 2. Aqueous hydrogen peroxide (30 % w/w, 2.0 cm3, 17.64 
mmol) was added dropwise over 5 min to a solution of Ph2PNHpy 1 (2.5 g, 
8.50 mmol) in thf (20 cm3) and the mixture was stirred for 30 min and then 
taken to dryness. The crude product was dissolved in hot dichloromethane 
(100 cm3) and dried over anhydrous magnesium sulfate and filtered while hot. 
The filtrate was concentrated to ca. 20 cm3 and stored at -4°C for 2 h during 
which time a white crystalline solid was deposited. The colourless crystals 2 
were collected by suction filtration washed with dichloromethane (10 cm3) 
and dried in vacuo. Yield 2.13 g, 81 %. Microanalysis: Found (Calcd. for 
C17HISN20P). C 69.31 (69.38), H 5.10 (5.14), N 9.51 (9.52) %. 3Ip_{H} NMR 
(CDCb/dmso): 16.8(s) ppm. IH NMR (CDCb): 8 7.89 (m, 5 H, aromatics and 
NH), 7.45 (m, 8 H, aromatics), 7.00 (br d, 1 H aromatic) and 6.74 (m, 1 H, 
aromatic). FAB+ MS: mlz 294 [Mr. IR (KBr): 3210br, 3060m, 1599vs, 1575s, 
1497s, 1468s, 1438vs, 1418s, 1304vs, 1279m, 1245w, 1196vs, 1155m, 1127s, 
1114s, 1072w, 1053w, 1029w, 996m, 950vs, 867w, 809m, 778vs, 750m, 
740m, 727vs, 699vs, 639m, 608m, 540vs, 516vs, 475w, 452w, 410w cm-I. 
Ph2P(E)NHpy (E = S 3 or Se 4). These were prepared by the same general 
procedure. Ph2PNHpy 1 (1.00 g, 3.59 mmol) and a stoichiometric quantity of 
the appropriate chalcogen were heated to reflux in toluene (20 cm3) for 20-30 
min. The reaction mixture was taken to dryness and the residue taken up in 
dichloromethane then filtered through a celite plug. The filtrate was again 
taken to dryness and the pale yellow solid was recrystallised from the 
minimum of hot toluene and stored a -4°C to give 3 and 4 as colourless 
crystalline solids. 
3 Yield 0.97 g, 87 %. Microanalysis: Found (Calcd. for C17HISN2PS). C 65.32 
(65.97), H 4.80 (4.87), N 8.97 (9.03) %. 3I p_{H} NMR (CDCb): 51.6(s) ppm. 
IH NMR (CDCb): 8 8.03 (m, 4 H, aromatics), 7.85 (d, 1 H, 2Je lp-IH) 5.1 Hz, 
NH), 7.45 (m, 8 H, aromatics), 6.93 (br d, 1 H, aromatic) and 6.71 (m, 1 H, 
aromatic). FAB+ MS: mlz 310 [Mr. IR (KBr): 3050br, 2966m, 2882m, 
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2850m, 2816m, 2732m, 1599vs, 1577vs, 1493vs, 1437vs, 1418vs, 1301vs, 
1279s, 1182w, 1154m, 1106vs, 1070vw, 1055w, 1028vw, 996s, 973vw,' 
951vs, 940vs, 865w, 808m, 782vs, 754s, 744s, 721vs, 691vs, 642vs, 615m, 
599m, 516vs, 484vs, 456w, 430w, 418w, 373vw cm-I. 
4 Yield 1.07 g, 83 %. Microanalysis: Found (Calcd. for C17HISN2PSe). C 
56.73 (57.16), H 4.20 (4.23), N 7.57 (7.84) %. 3I p _{H} NMR (CDCh): 47.4(s) 
ppm, IJe 1p_77Se) 783 Hz. IH NMR (CDCh): 8 8.04 (m, 4 H, aromatics), 7.84 
(d, 1 H, 2Je 1p_IH) 5.3 Hz, NH), 7.45 (m, 8 H, aromatics), 6.92 (br d, 1 H, 
aromatic) and 6.73 (m, 1 H, aromatic). FAB+ MS: mlz 357 [Mt. IR (KBr): 
3048br, 2964m, 2849m, 2808m, 2730m, 1598vs, 1578vs, 1493vs, 1458m, 
1444vs, 1436vs, 1418vs, 1336vw, 1300vs, 1279vs, 1182w, 1154m, 1102vs, 
1054vw, 1028vw, 996vs, 974vw, 948vs, 941vs, 864w, 781s, 752s, 744s, 714s, 
704vs, 690vs, 632w, 618w, 604w, 523w, 550vs, 512vs, 480s, 443w, 434w, 
420w cm-I. 
cis-[PtCI(Ph2PNHpy-P,N) {Ph2PNHpy-P}][CI] 5. [PtCh(cod)] (0.095 g, 
0.254 mmol) was suspended in acetonitrile (5 cm\ To the stirred suspension 
was added Ph2PNHpy 1 (0.143 g, 0.514 mmol) as a solid in one go. The 
mixture was heated until complete solution was achieved and on cooling to 
room temperature a white solid was deposited. The product was collected by 
suction filtration and washed with diethyl ether (3 x 20 cm3) and dried in 
vacuo. Yield 0.21 g, 96 %. Microanalysis: Found (Calcd. for 
C34H30ChN4P2Pt). C 48.75 (49.65), H 3.32 (3.68), N 6.83 (6.81) %. 3Ip_{H} 
NMR (CDCh): 51.4(br s) ppm, IJe 9S pt_3I p) 3576 Hz. IH NMR (CDCh): 8 
11.26 (br m, 1 H, NH), 8.24 (br d, 2 H, pyC[6]H), 7.70 (br d, 4 H, aromatics), 
7.49 (m, 13 H, aromatics and NH) 7.30 (m, 8 H, aromatics) and 6.93 (m, 2 H, 
aromatics). FAB+ MS: mlz 787 [M-Clt and 750/1 [M-2CI]2+. IR (KBr): 
3052m, 2708br, 1615vs, 1596s, 1573m, 1480vs, 1457vs, 1436s, 1398w, 
1339w, 1305m, 1278m, 1241w, 1185vw, 1161w, 1107s, 1072vw, 1050vw, 
1019w, 993w, 973vw, 929m, 905s, 851vw, 824w, 788m, 770m, 743m, 708m, 
693s, 623w, 616vw, 581vw, 543m, 522w, 503m, 489s, 451w, 424w, 413w, 
321w, 304w cm-I. 
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cis-[PtX(Ph2PNHpy-P,N) {Ph2PNHpy-P} ] [X] (X = Br 6 or I 7). A suspension 
of cis-[PtCI(Ph2PNHpy-P,N) {Ph2PNHpy-P} ][CI] 5 (0.040 g, 0.049 mmol) and 
potassium bromide or sodium iodide (0.60 mmol) was heated to reflux in 
acetone (10 cm3) for 2 h. After cooling to room temperature the solvent was 
removed in vacuo and the residue extracted with DCM (3 x 10 cm3). The 
extracts were combined and filtered through a small plug of celite. The 
filtrate was evaporated to ca. 8 cm3 and diethyl ether (25 cm3) was added to 
precipitate the product. The bromide and the iodide were isolated as cream 
and pale yellow solids respectively. 
6. Yield 0.033 g, 75 %. Microanalysis: Found (Calcd. for C34H30Br2N4P2Pt). 
C 45.48 (44.88), H 3.47 (3.33), N 6.75 (6.16) %. 3I p_{H} NMR (dmso/C6D6): 
62.1(br s) pp m, IJe 95pt.3 l p) 3559 Hz. FAB+ MS: mlz 83113 [M-Brt and 
750/1 [M-2Brf+. IR (KBr): 3052m, 1618vs, 1586m, 1569m, 1484vs, 1433vs, 
1396m, 1332m, 1275w, 1245m, 1189vw, 1161m, 1107vs, 1061w, 1024m, 
997m, 967vw, 902vs, 866m, 853vw, 827vw, 774s, 767s, 755m, 719s, 691s, 
628m, 549m, 549s, 532m, 516m, 494s, 481m, 446w, 430w, 417m, 334w, 
320w, 290w cm-I. 
7. Yield 0.038 g, 78 %. Microanalysis: Found (Calcd. for C34H30hN4P2Pt). C 
40.28 (40.62), H 3.13 (3.01), N 5.82 (5.57) %. 3I p _{H} NMR (dmso/C6D6): 
62.3(br s) ppm, IJe95pt_3Ip) 3541 Hz. FAB+ MS: mlz 878 [M-It and 750/1 
[M-2CI]2+. IR (KBr): 3052m, 2989m, 1616vs, 1587m, 1568m, 1482vs, 
1468vs, 1436s, 1396m, 1322m, 1275m, 1240m, 1184vw, 1165m, 1106vs, 
1062vw, 1023m, 997m, 935w, 899vs, 865w, 830w, 761s, 748s, 718s, 691s, 
652w, 625m, 618m, 549s, 530w, 518s, 496vs, 474s, 454vw, 423m, 325vw, 
309vw cm-I. 
cis-[PdCl(Ph2PNHpy-P,N){Ph2PNHpy-P}][Cl] 8. This was prepared in the 
same way as the platinum complex 5 using [PdCh(cod)] (0.085 g, 0.298 
mmol) and Ph2PNHpy 1 (0.168 g, 0.604 mmol) to give a pale yellow coloured 
product. Yield 0.22 g, 98 %. Microanalysis: Found (Calcd. for 
C34H30ChN4P2Pd). C 54.95 (55.64), H 3.53 (4.12), N 6.86 (7.63) %. 3I p _{H} 
NMR (CDCh): 71.4(br s) ppm. IH NMR (CDCh): 8 8.12 (br m, 2 H, 
pyC[6]H), 7.46 (br m, 18 H, aromatics and NH), 7.21 (m, 10 H, aromatics) 
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and 6.79 (m, 2 H, aromatics). FAB+ MS: mlz 734 [Mt and 663 [M-2CI]2+. IR 
(KBr): 3052m, 2709br, 1611 vs, 1597s, 1573m, 1477vs, 1458vs, 1436s, 
1397w, 1335w, 1304w, 1278m, 1240w, 1188vw, 1159w, 1105s, 1071vw, 
1061vw, 1048vw, 1014w, 997w, 912m, 907s, 876vw, 842w, 821vw, 791m, 
767m, 742s, 705m, 688s, 649vw, 624w, 544w, 532s, 514m, 489s, 449w, 
420w, 406w, 321w, 301w, 279w cm-I. 
cis-[PdX(Ph2PNHpy-P,N) {Ph2PNHpy-P}][X] (X = Br 9 or I 10). These 
compounds were prepared in the same way as their platinum analogues 5 and 
6 using cis-[PdCI(Ph2PNHpy-P,N) {Ph2PNHpy-P} HCI] 5 (0.040 g, 0.055 
mmol) and potassium bromide or sodium iodide (0.70 mmol). The bromide 
and the iodide were isolated as pale yellow and yellow solids respectively. 
9. Yield 0.033 g, 73 %. Microanalysis: Found (Calcd. for C34H30Br2N4P2Pd). 
C 49.02 (49.63), H 3.32 (3.67), N 6.83 (6.81) %. 3I p_{H} NMR (dmso/C6D6): 
83.7(br s) ppm. FAB+ MS: mlz 742/4 [M-Brt and 663 [M-2Br]2+. IR (KBr): 
3052m, 1617vs, 1594s, 1572m, 1550w, 1481vs, 1454vs, 1435s, 1396w, 
1339w, 1305m, 1276m, 1244w, 1189w, 1161m, 1107vs, 1072vw, 1050vw, 
1019w, 993m, 973vw, 902m, 929m, 905s, 855vw, 825w, 786m, 770m, 749m, 
708m, 693vs, 649m, 623m, 616vw, 581 vw, 543m, 525m, 503m, 494s, 451 w, 
426w, 412w, 323w, 307w cm-I. 
10. Yield 0.036 g, 72 %. Microanalysis: Found (Calcd. for C34H30hN4P2Pt). C 
45.22 (44.54), H 3.55 (3.30), N 6.23 (6.11) %. 3I p _{H} NMR (dmso/C6D6): 
83.3(br s) ppm. FAB+ MS: mlz 790 [M-It and 663 [M_21]2+. IR (KBr): 
3079m, 3054m, 2988m, 1619vs, 1589s, 1575m, 1479s, 1457s, 1436s, 1396w, 
1336m, 1305m, 1278m, 1245w, 1185vw, 1164w, 1107vs, 1063w, 1072vw, 
1050vw, 1023m, 1019w, 997m, 973vw, 929m, 905s, 853w, 824w, 788m, 
768m, 743s, 713m, 693s, 652w, 623m, 616w, 579vw, 545m, 522w, 518s, 
503m, 489s, 450w, 424m, 413w, 323w, 309w cm-I. 
cis-[Pt(Ph2PNpy-P,Nh] 11. A stirred solution of cis-[PtCI(Ph2PNHpy-
P,N){Ph2PNHpy-P} HCI] 5 (0.130 g, 0.158 mmol) in methanol (2 cm3) was 
treated with solid tBuOK (0.037 g, 0.330 mmol) causing the immediate 
precipitation of a yellow solid. After stirring for a further 10 min the product 
was filtered off, washed with methanol (2 x 2 cm3) and diethyl ether (2 x 1 
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cm3) and dried in vacuo. Yield 0.096 g, 81 %. Microanalysis: Found (Calcd. 
for C34H2SN4P2Pt). C 53.75 (54.48), H 3.45 (3.76), N 7.20 (7.47) %. 3I p _{H} 
NMR (CDCh): 63.0(s) ppm, IJe95pt}l p ) 3334 Hz. IH NMR (CDCh): 8 7.78 
(m, 2 H, pyC[6]H), 7.30 (m, 14 H, aromatics), 7.07 (m, 8 H, aromatics), 6.98 
(br d, 2 H, aromatics) and 6.26 (m, 2 H, aromatics). FAB+ MS: mlz 749 [Mt 
and 750 [M+Ht. IR (KBr): 3053w, 1609vs, 1524m, 1460vs, 1436vs, 1358s, 
1306vw, 1262m, 1235vw, 1179w, 1149m, 1107s, 1068vw, 1026vw, 1107s, 
936s, 844w, 788m, 768m, 739s, 692s, 650w, 627m, 620m, 557m, 543m, 
523m, 498s, 483m, 432w, 417w cm-I. 
cis-[Pd(Ph2PNpy-P,Nh1 12. This was prepared in the same way as the 
platinum complex 1 using cis-[PdCl(Ph2PNHpy-P,N) {Ph2PNHpy-P} HCI] 8 
(0.120 g, 0.164 mmol) and tBuOK (0.038 g, 0.339 mmol) to give a bright 
yellow coloured product. Yield 0.082 g, 76 %. Microanalysis: Found (Calcd. 
for C34H28N4P2Pd). C 60.97 (61.78), H 4.17 (4.27), N 8.20 (8.48) %. 3Ip_{H} 
NMR (CDCh): 84.5(s) ppm. IH NMR (CDCh): 8 7.77 (m, 2 H, pyC[6]H), 
7.31 (m, 14 H, aromatics), 7.10 (m, 8 H, aromatics), 6.90 (br d, 2 H, 
aromatics) and 6.31 (m, 2 H, aromatics). FAB+ MS: mlz 660 [Mt and 661 
[M+H]2+. IR (KBr): 3053w, 1604vs, 1526m, 1457vs, 1436vs, 1355vs, 1306w, 
1263m, 1232vw, 1179w, 1149m, 1104s, 1068vw, 1026vw, 1004s, 942vs, 
843w, 786m, 761m, 739s, 713s, 692vs, 645vw, 626m, 618m, 553m, 533m, 
517m, 493s, 477m, 447vw, 426w cm-I. 
cis-[Pt(Ph2PNHpy-P,Nh][BF4h 13_ A stirred solution of cis-
[PtCI(Ph2PNHpy-P,N){Ph2PNHpy-P}][CI] 5 (0.127 g, 0.154 mmol) in DCM 
(20 cm3) was added solid Ag[BF 4] (0.061 g, 0.313 mmol). After stirring for 
approximately 16 h the precipitated AgCI was filtered off through a small 
celite plug, the solution concentrated by evaporation under reduced pressure 
to ca. 2-3 cm3 and diethyl ether (30 cm3) added. The cream coloured product 
was collected by suction filtration, washed with diethyl ether (10 cm3) and 
dried in vacuo. Yield 0.116 g, 81 %. Microanalysis: Found (Calcd. for 
C34H30B2FgN4P2Pt). C 44.72 (44.14), H 3.46 (3.27), N 7.01 (6.06) %. 3Ip _{H} 
NMR (d6-dmso): 64.1(s) ppm. IJe 95 pt_3I p) 3475 Hz. IH NMR (d6-dmso): 8 
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8.20 (m, 2 H, NH), 7.99 (m, 2 H, pyC[6]H), 7.48 (m, 22 H, aromatics), 7.24 
(m,2 H, aromatics) and 7.14 (br d, 2 H, aromatics). FAB+ MS: mlz 7511752 
[M-2BF4f+. IR (KBr): 3235br, 3051w, 1615vs, 1588w, 1574w, 1482vs, 
1470vs, 1435s, 1396m, 1320w, 1280w, 1187m, 1167s, 1074vbr, 900m, 771 vs, 
747vs, 690s, 644m, 544m, 533m, 521m, 492vs, 471m, 448w, 415w cm-I. 
cis-[Pd(Ph2PNHpy-P,Nh] [BF 4b 14. This was prepared in the same way as 
the platinum complex 13 using cis-[PdCI(Ph2PNHpy-P,N) {Ph2PNHpy-P} ][CI] 
8 (0.122 g, 0.166 mmol) and Ag[BF4] (0.066 g, 0.339 mmol) to give a cream 
coloured product. Yield 0.110 g, 79 %. Microanalysis: Found (Calcd. for 
C34H30B2FgN4P2Pd). C 49.63 (48.81), H 4.16 (3.61), N 8.20 (8.48) %. 3I p_{H} 
NMR (d6-dmso): 88.0(s) ppm. IH NMR (d6-dmso): 8 8.17 (m, 2 H, NH), 7.97 
(m, 2 H, pyC[6]H), 7.45 (m, 22 H, aromatics), 7.22 (m, 2 H, aromatics) and 
7.11 (br d, 2 H, aromatics). FAB+ MS: mlz 663 [M-2(BF4)]2+. IR (KBr): 
3236br, 3051w, 1615s, 1588w, 1573w, 1483vs, 1470vs, 1396m, 1321w, 
1279w, 1194m, 1167m, 1108vs, 1083vs, 1032s, 1017s, 999m, 900m, 786s, 
747s, 734vs,691m, 643m, 544m, 533m, 521m, 492s, 415w cm-I. 
cis-[PtMe(Ph2PNHpy-P,N) {Ph2PNHpy-P}][CI] 15. To a stirred 
dichloromethane (2 cm3) solution of [PtCIMe(cod)] (0.102 g, 0.288 mmol) 
was added Ph2PNHpy 1 (0.162 g, 0.582 mmol) as a solid in one go. The 
mixture was stirred for 20 min, filtered through celite and diethyl ether (40 
cm3) added. The white solid was collected by suction filtration, washed with 
diethyl ether (3 x 10 cm3) and dried in vacuo. Yield 0.219 g, 95 %. 
Microanalysis: Found (Calcd. for C35H33CIN4P2Pt). C 52.49 (52.41), H 4.21 
(4.15), N 6.40 (6.98) %. 3I p_{H} NMR (CDCh): 8(PA) 38.4(d) ppm. IJe 95pt_ 
31 p A) 3948 Hz. <>(Px) 84.2(d) ppm. IJe95pt_3IPx) 2019 Hz. 2 Jelp A_3Ipx) 11 
Hz. IH NMR (CDCh): <> 11.49 (m, 1 H, NH), 8.35 (m, 1 H, pyC[6]H), 7.97 (br 
d, 1 H, pyC[6]H), 7.84 (br m, 1 H, NH), 7.45 (m, 22 H, aromatics), 6.69 (m, 2 
H, aromatics), 6.19 (m, 2 H, aromatics) and 0.64 (dd, 3 H, 3 Je1p-IH) 4 Hz, 
2Je95 pt_ IH) 51 Hz, PtMe). FAB+ MS: mlz 802 [Mt and 766 [M-Clt. IR 
(KBr): cm-I. 3052w, 2919w, 2836w, 2783w, 2706br, 1614vs, 1592vs, 1571m, 
1471vs, 1460vs, 1435vs, 1397w, 1306m, 1280w, 1236w, 1185w, 1159w, 
110 
1104s, 1048vw, 1016w, 998w, 907s(br), 822vw, 773s, 743s, 693vs, 623w, 
539m, 518s, 492s, 415w cm-I. 
cis-[PtMe(Ph2PNpy-P,N){Ph2POMe-P}] 16. A stirred solution of cis-
[PtMe(Ph2PNHpy-P,N) {Ph2PNHpy-P} HCI] 5 (0.112 g, 0.140 mmol) in 
methanol (1 cm3) was treated with solid tBuOK (0.040 g, 0.352 mmol) and the 
resultant yellow solution was stirred for 90 min. The dropwise addition of 
distilled water (3 cm3) to the stirred reaction mixture gave 16 as a pale yellow 
solid which was collected by suction filtration and dried over phosphorus 
pentoxide in vacuo. Yield 0.077 g, 78 %. Microanalysis: Found (Calcd. for 
C3IH30N20P2Pt). C 52.57 (52.92), H 3.75 (4.30), N 3.61 (3.98) %. 3I p_{H} 
NMR (CDCh): <>(PA) 90.0(d) ppm. IJe95pt_3IPA) 1950 Hz. <>(Px) 100.6(d) 
ppm. IJe9Spt_3IPx) 4447 Hz. 2Je lpA-3I px) 8 Hz. IH NMR (CDCh): <> 8.14 (m, 
1 H, pyC[6]H), 7.68 (m, 3 H, aromatics), 7.26 (m, 16 H, aromatics), 6.89 (m, 
2 H, aromatics), 6.28 (m, 2 H, aromatics), 3.00 (d, 3 H, 3Je lp-IH) 8 Hz, 
OMe) and 0.25 (dd, 3 H, 3 Jelp-IH) 4 Hz, 2Je95pt)H) 55 Hz, PtMe). FAB+ 
MS: mlz 704 [Mt and 705 [M+Ht. IR (KBr): 3074w, 3054w, 2978m, 1613vs, 
1532m, 1474vs, 1438vs, 1389m, 1364s, 1278m, 1235w, 1180w, 1158m, 
1105s, 1020vs, 975m, 937s, 872w, 826m, 790m, 760m, 746s, 716m, 705m, 
691m, 652w, 626m, 570m, 534m, 505s, 494m, 450w, 436w, 315w cm-I. 
[AuCI(Ph2PNHpy-P)] 17. Ph2PNHpy 1 (0.094 g, 0.338 mmol) was added as a 
solid to a stirred dichloromethane (3 cm3) solution of [AuCI(tht)] (0.108 g, 
0.337 mmol). After stirring for 20 min the solution was filtered through a 
small celite plug and diethyl ether (30 cm3) added. The white solid was 
collected by suction filtration, washed with diethyl ether (5 x 10 cm3) and 
dried in vacuo. Yield 0.155 g, 90 %. Microanalysis: Found (Calcd. for 
C17HIsCIN2PAu). C 39.99 (39.98), H 2.80 (2.96), N 5.08 (5.49) %. 3Ip_{H} 
NMR (CDCh): 55.4(s) ppm. IH NMR (CDCh): <> 8.01 (m, 1 H, pyC[6]H), 
7.76 (m, 3 H, aromatics), 7.48 (m, 9 H, aromatics and NH), 6.89 (m, 1 H, 
aromatic) and 6.83 (m, 1 H, aromatic). FAB+ MS: mlz 511 [M+Ht, 533 
[M+Na] and 475 [M-Clt. IR (KBr): 3373m, 3072w, 3047w, 1611m, 1593vs, 
1568m, 1475s, 1445vs, 1379m, 1304m, 1261w, 1229w, 1182vw, 1147w, 
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1105s, 1071vw, 1045vw, 1029vw, 999w, 990w, 959vw, 909s, 858vw, 827vw, 
779s, 759m, 750s, 715m, 704m, 694s, 633w, 617w, 539m, 522s, 504m, 475m, 
434w, 409w, 333m cm-I. 
[{Au(,u-Ph2PNHpy-P,N)h)[CI04]2 (HT) 18. To a stirred solution of 
[Ph2P(AuCI)NHpy] 17 (0.125 g, 0.245 mmol) in dichloromethane (20 cm3) 
was added Ag[CI04] (0.051 g, 0.247 mmol) in nitromethane (10 cm3) and the 
mixture was stirred in the dark for 5 h. The precipitated AgCI was filtered off 
through a small celite plug and the solution concentrated by evaporation 
under reduced pressure to ca. 4-5 cm3 and diethyl ether (25 cm3) added. The 
white product was collected by suction filtration, washed with diethyl ether 
(10 cm3) and dried in vacuo. Yield 0.103 g, 71 %. Microanalysis: Found 
(Calcd. for C34H30CI2N408P2Au2). C 34.89 (35.52), H 2.45 (2.63), N 4.40 
(4.87) %. 3Ip _{H} NMR (CH2CI2/C6D6): 62.7(s) ppm. IH NMR (CDCh): () 
8.10 (m, 2 H, pyC[6]H), 7.91-7.16 (m, 24 H, aromatics and NH), 7.05 (br d, 2 
H, aromatic) and 6.86 (m, 2 H, aromatic). FAB+ MS: mlz 951 [M-2(CI04)]2+. 
IR (KBr): 3204br, 3055w, 1611vs, 1574m, 1481m, 1453m, 1437vs, 1384w, 
1315w, 1279m, 1165w, 1102vbr, 998m, 924s, 823vw, 769m, 749s, 716m, 
692s, 623s, 599w, 617s, 482m, 425vw cm-I. 
[Pt(CgH120Me){Ph2PNpy-P,N}]·H20 19. To a stirred suspension of [{Pt(,u-
OMe)(CgH120Me)h] (0.150 g, 0.205 mmol) in methanol (3 cm3) were added 
the solids in quick succession Ph2PNHpy 1 (0.114 g, 0.410 mmol) and tBuOK 
(0.046 g, 0.410 mmol) resulting in a pale yellow solution that was stirred for 
30 min. Distilled water (ca. 12 drops) was added dropwise to the mixture 
causing a fine pale yellow precipitate to be deposited which was collected by 
suction filtration washed with distilled water (2 x 2 cm3) and dried over 
phosphorus pentoxide in vacuo. Yield 0.231 g, 92 %. Microanalysis: Found 
(Calcd. for C26H3IN202PPt). C 49.37 (49.60), H 5.09 (4.96), N 4.07 (4.45) %. 
3I p_{H} NMR (CDCI3): 63.2(s) ppm IJe95pt_3IPA) 4087 Hz. IH NMR 
(CDCh): () 7.73 (m, 1 H, pyC[6]H), 7.53 (m, 3 H, aromatics) 7.34 (m, 8 H, 
aromatics), 7.19 (m, 1 H, aromatic), 6.98 (br d, 1 H, aromatic) and expected 
CgH 120Me resonances. FAB+ MS: mlz 611 [Mt and 612 [M+Ht. IR (KBr): 
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3071 w, 3052w, 2960w, 2934w, 2888w, 1607vs, 1531m, 1460vs, 1436vs, 
1369m, 1347vs1306m, 1284m, l261s, l226w, l179m, 1147m, 1104vs, 
1057vs, 10lOs, 1006vs, 941vs, 866m, 843w, 801s, 762s, 742s, 741m, 704vs, 
693vs, 648w, 624m, 536s, 499vs, 481 vs, 449w, 435w, 403vw, 312vw, 290vw, 
267vw cm-I. 
cis-[PtCI{Ph2PNHpy-P,N} (PMc3)][CI] 20. A typical synthesis was 
performed as follows. Solid Ph2PNHpy 1 (0.074 g, 0.266 mmol) was added to 
a stirred suspension of cis-[PtCh(PMe3)2] (0.110 g, 0.263 mmol) in 
dichloromethane (3 cm3) giving a clear solution. The mixture was stirred for 
10 min and diethyl ether (20 cm3) was slowly added causing a white 
crystalline solid to be deposited. The crude product 20 was collected by 
suction filtration, recrystallised from dichloromethane/diethyl ether and dried 
in vacuo. Yield 0.150 g, 92 %. Microanalysis: Found (Calcd. for 
C2oH24ChN2P2Pt). C 38.87 (38.72), H 3.75 (3.90), N 4.22 (4.52) %. 3I p_{H} 
NMR (CDCh): <5(P A) -27.3(d) ppm. IJe 95pt_3l p A) 3114 Hz. <5(Px) 62.3(d) 
ppm. IJe95pt_3IPx) 3779 Hz. 2JelpA-3IPx) 18 Hz. IH NMR (CDCh): <5 11.71 
(m, 1 H, NH), 9.14 (m, 1 H, pyC[6]H), 8.03 (m, 4 H, aromatics), 7.65 (m, 8 H 
aromatics), 6.92 (m, 1 H, aromatic) and 1.50 (d, 9 H, 3 Je 95 pt)H) 34.3 Hz, 
2 Je1p-IH) 11.7 Hz, PMe). FAB+ MS: mlz 585 [M-Clt and 549 [M-2CI]2+. IR 
(KBr): 3073w, 3049m, 2964w, 2898w, 2642br, 16l6vs, 1586vw, 1571w, 
1477vs, 1434m, 14l9w, 1410w, 1331w, 1312vw, 1294w, 1283w, 1245vw, 
1186vw, 1164w, 1104s, 1050vw, 1023w, 997w, 970vs, 955m, 872w, 790m, 
776m, 765m, 749m, 718m, 707m, 692m, 645vw, 626w, 538m, 502s, 486m, 
452w, 426w, 386w, 304w cm=l. 
cis-[PtCI{Ph2PNpy-P,N}(PMc3)] 21. A typical deprotonation was performed 
as follows. Solid tBuOK (0.018 g, 0.160 mmol) was added to a stirred 
solution of cis-[PtCI{Ph2PNHpy-P,NHPMe3)][CI] 20 (0.100 g, 0.161 mmol) 
in methanol (1 cm3) causing a pale yellow solid to be deposited. Distilled 
water (3-5 drops) were added to complete the precipitation. The product was 
collected by suction filtration, washed with distilled water (2 x 1 cm3) and ice 
cold methanol (2 x 1 cm3) and dried over phosphorus pentoxide in vacuo. 
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Yield 0.082 g, 87 %. Microanalysis: Found (Calcd. for C2oH23ClN2P2Pt). C 
40.83 (41.14), H 3.37 (3.97), N 4.34 (4.80) %. 3Ip_{H} NMR (CDCh): 8(PA) 
-27.9(d) ppm. IJe 95pt)l pA) 3239 Hz. 8(Px) 65.2(d) ppm. IJe95pt_3IPx) 3542 
Hz. 2JelpA-3IPx) 14 Hz. IH NMR (CDCh): 8 8.90 (m, 1 H, pyC[6]H), 7.86 
(m, 3 H, aromatics), 7.46 (m, 6 H aromatics), 7.29 (m, 2 H, aromatic), 6.99 
(m, 1 H, aromatic), 6.33 (m, 1 H, aromatic) and 1.42 (d, 9 H, 3 Je 95 pt-IH) 33.7 
Hz, 2Je lp-IH) 11.1 Hz, PMe). FAB+ MS: mlz 584 [Mt and 548 [M-Clt. IR 
(KBr): 3080w, 3067w, 3003w, 2914w, 1636vw, 1608vs, 1530w, 1463vs, 
1445vs, 1432vs, 1411s, 1385vw, 1360vs, 1309m, 1285s, 1232vw, 1179vw, 
1152w, 1121w, 1107s, 1024vw, 1011m, 999w, 960s, 940vs, 861w, 793m, 
777s, 747vs, 716m, 705m, 692s, 652vw, 625m, 538m, 508s, 491s, 457w, 
436w, 383w, 316w, 292w, 274w cm-I. 
cis-[PtCI{Ph2PNHpy-P,N} (PEfJ)][CI] 22. As for complex 20 using 
Ph2PNHpy 1 (0.064 g, 0.234 mmo1) and cis-[PtCh(PEt3)2] (0.117 g, 0.233 
mmol) to give a white crystalline product. Yield 0.133 g, 86 %. 
Microanalysis: Found (Calcd. for C23H30ChN2P2Pt). C 41.74 (41.70), H 4.27 
(4.56), N 3.66 (4.23) %. 3Ip_{H} NMR (CDCh): 8(PA) 4.3(d) ppm. IJe95pt_ 
3I PA) 3123 Hz. 8(Px) 61.7(d) ppm. IJe95pt_3IPx) 3816 Hz. 2JelpA-3IPx) 17 
Hz. IH NMR (CDCI3): 8 11.82 (m, 1 H, NH), 9.20 (m, 1 H, pyC[6]H), 8.02 
(m, 3 H, aromatics), 7.61 (m, 8 H, aromatics), 7.30 (m, 1 H, aromatic), 6.90 
(m, 1 H, aromatic), 1.82 (dq, 6 H, 2 Jelp-IH) 10.0 Hz, PCH2) and 0.97 (dt, 9 
H, Me). FAB+ MS: mlz 627 [M-Clt and 591 [M-2Clf+. IR (KBr): 3072w, 
3054w, 3008w, 2966w, 2935w, 2884w, 2564br, 1645vw, 1615vs, 1581 vw, 
1567vw, 1478vs, 1445m, 1435m, 1415m, 1381 VW, 1367vw, 1336w, 1317vw, 
1280w, 1259vw, 1242w, 1184vw, 1150w, 1108m, 1071vw, 1049w, 1035m, 
1018m, 996w, 976vw, 912vs, 851 VW, 798m, 762s, 735m, 723m, 709m, 694m, 
653vw, 641 w, 625w, 540m, 501s, 483m, 455w, 434w, 379vw, 311 w, 291 w, 
259w cm-I. 
cis-[PtCI{Ph2PNpy-P,N}(PEt3)] 23. As for complex 21 usmg cis-
[PtCI{Ph2PNHpy-P,N}(PEt3)][CI] 22 (0.125 g, 0.187 mmol) and tBuOK 
(0.021 g, 0.187 mmol). The reaction mixture was diluted with distilled water 
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(20 cm3) and then extracted with dichloromethane (2 x 10 cm3). The extracts 
were combined and dried over anhydrous magnesium sulfate, the drying agent 
was filtered off and the filtrate evaporated under reduced pressure to ca. 1-2 
cm3. Hexane (30 cm3) was added with stirring to give a pale yellow powder. 
Yield 0.109 g, 92 %. Microanalysis: Found (Calcd. for C23H29CIN2P2Pt). C 
43.75 (44.13), H 4.32 (4.67), N 3.98 (4.48) %. 3I p_{H} NMR (CDCh): 8(PA) 
3.3(d) ppm. IJe95pt_3IPA) 3246 Hz. 8(Px) 64.7(d) ppm. IJe95pt_3IPx) 3589 
Hz. 2JelpA-3IPx) 13 Hz. IH NMR (CDCh): 8 8.94 (m, 1 H, pyC[6]H), 7.85 
(m, 3 H, aromatics), 7.44 (m, 6 H, aromatics), 7.25 (m, 2 H, aromatic), 6.92 
(m, 1 H, aromatic), 6.28 (m, 1 H, aromatic), 1.75 (dq, 6 H, 2Je l p-IH) 10.1 
Hz, PCH2) and 0.89 (dt, 9 H, Me). FAB+ MS: mlz 626 [Mt and 590/591 [M-
Clt. IR (KBr): 3074w, 3061w, 2967m, 2935w, 2909w, 2877w, 1670w, 
1639vw, 1612vs, 1532m, 1467vs, 1439vs, 1378m, 1358vs, 1309m, 1282s, 
1242m, 1179w, 1154m, 1101s, 1069vw, 1037s, lOlls, 1000m, 943vs, 845w, 
802m, 763vs, 751 vs, 729s, 716s, 705vs, 674vs, 628s, 540s, 530s, 509vs, 
491vs, 459w, 439w, 318w, 291m, 260w cm-I. 
cis-[PtCI{Ph2PNHpy-P,N} (P"BU3)][CI] 24. [PtCh(cod)] (0.105 g, 0.281 
mmol) and [CH3(CH2hhP (0.14 cm3, 0.114 g, 0.563 mmol) were stirred in 
dichloromethane (5 cm3) for 10 min. Ph2PNHpy 1 (0.079 g, 0.284 mmol) was 
added as a solid in one go, giving a pale yellow solution which was stirred for 
a further 10 min. Diethyl ether (50 cm3) was added to give a fine white 
powder. Recrystallisation from dichloromethane diethyl ether gave 24 as a 
fine white powder. Yield 0.182 g, 87 %. Microanalysis: Found (Calcd. for 
C29H42ChN2P2Pt). C 47.00 (46.65), H 5.52 (5.67), N 3.11 (3.75) %. 3I p _{H} 
NMR (CDCh): 8(PA) -3.3(d) ppm. IJe95pt_3IPA) 3106 Hz. 8(Px) 61.5(d) ppm. 
IJe95pt_3IPx) 3840 Hz. 2JelpA-3IPx) 16 Hz. IH NMR (CDCh): 8 11.73 (m, 1 
H, NH), 9.20 (1 H, m, pyC[6]H), 7.98 (m, 3 H, aromatics), 7.64 (m, 8 H, 
aromatics), 7.31 (m, 1 H, aromatic), 6.90 (m, 1 H, aromatic) and 1.77-0.73 
(m, 27 H, P"Bu). FAB+ MS: mlz 711 [M-Clt and 677 [M-2CI]2+. IR (KBr): 
3076m, 3051m, 2961m, 3868m, 3599br, 1612vs, 1531m, 1465vs, 1439vs, 
1378w, 1360s, 1307w, 1279m, 1232w, 1213w, 1182w, 1150m, 1106s, 1054w, 
1027w, 1010m, 1000w, 970w, 943vs, 907w, 843w, 792m, 761m, 746s, 715m, 
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695s, 651w, 625s, 537s, 507s, 490s, 464w, 431w, 314s, 292m cm-I. 
cis-[PtCI{Ph2PNpy-P,N}(P"Bu3)] 25. As for complex 21 using cis-
[PtCl {Ph2PNHpy-P,N}(P"Bu3)][CI] 24 (0.130 g, 0.174 mmol) and tBuOK 
(0.020 g, 0.178 mmol) the resulting pale yellow solution was diluted with 
distilled water (30 cm3) and extracted with dichloromethane (2 x 15 cm3). The 
extracts were combined and dried over anhydrous magnesium sulfate. The 
drying agent was filtered off and the filtrate was concentrated by evaporation 
under reduced pressure to ca. 2-3 cm3. Addition of hexane (40 cm3) followed 
by slow evaporation over 3 days gave 25 as pale yellow crystals. Yield 0.110 
g, 89 %. Microanalysis: Found (Calcd. for C29H4ICIN2P2Pt). C 49.65 (49.05), 
H 5.39 (5.82), N 3.61 (3.94) %. 3Ip_{H} NMR (CDCh): 3(PA) -4.4(d) ppm. 
IJe 95pt)lp A) 3251 Hz. 3(Px) 64.7(d) ppm. IJe95pt_3IPx) 3603 Hz. 2Je lp A-
3IPX) 12 Hz. IH NMR (CDCh): 0 8.93 (m, 1 H, pyC[6]H), 7.82 (m, 3 H, 
aromatics), 7.44 (m, 6 H, aromatics), 7.24 (m, 2 H, aromatic), 6.89 (m, 1 H, 
aromatic), 6.26 (m, 1 H, aromatic) and 1.84-0.72 (m, 27 H, P"Bu). FAB+ MS: 
mlz 710 [Mt and 675 [M-Clt. IR (KBr): 3073w, 3052w, 2956s, 2927s, 
2870m, 1612vs, 1531m, 1465vs, 1439vs, 1378m, 1360s, 1307w, 1279s, 
1232w, 1213w, 1182w, 1150m, 1105s, 1054w, 1027w, 101Os, 1000m, 970w, 
943vs, 907m, 843w, 792m, 761m, 746s, 715m, 695s, 651w, 635m, 537s, 507s, 
490s, 464w, 431 w, 314w, 292m, cm-I. 
cis-[PtCI{Ph2PNHpy-P,N}(PMe2Ph)][CI] 26. As for complex 20 using 
Ph2PNHpy 1 (0.071 g, 0.255 mmol) and cis-[PtCh(PMe2Phh] (0.138 g, 0.254 
mmol) to give a white crystalline product. Yield 0.163 g, 94 %. 
Microanalysis: Found (Calcd. for C25H26ChN2P2Pt). C 43.71 (44.00), H 3.55 
(3.84), N 3.91 (4.10) %. 3I p_{H} NMR (CDCI3): 3(PA) -21.3(d) ppm. IJe95 pt_ 
3I PA) 3198 Hz. 3(Px) 62.2(d) ppm. IJe95pt_3IPx) 3750 Hz. 2JelpA-3IPx) 15 
Hz. IH NMR (CDCh): 0 12.20 (m, 1 H, NH), 9.17 (m, 1 H, pyC[6]H), 7.87 
(m, 3 H, aromatics), 7.65 (m, 1 H, aromatic), 7.40 (m, 12 H, aromatics), 6.87 
(m, 2 H, aromatics) and 1.77 (d, 6 H, 3Je 95pt)H) 35.1 Hz, 2Je lp-IH) 11.3 
Hz, PMe). FAB+ MS: mlz 647 [M-Clt and 612 [M-2CI]2+. IR (KBr): 3072w, 
3052w, 2969w, 2909w, 2570br, 1644vw, 1616vs, 1482vs, 1436s, 1399w, 
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1340w, 1313w, 1277w, 1241w, 1185vw, 1154w, 1108s, 1071vw, 1049w, 
1019w, 998w, 949m, 916vs, 851w, 791m, 745m, 719m, 708m, 692m, 654vw, 
625w, 537s, 502s, 482s, 458w, 427w, 374vw, 356vw, 306w cm-I. 
cis-[PtCl{Pb2PNpy-P,N}(PMe2Pb)] 27. As for complex 21 usmg cis-
[PtCl{Ph2PNHpy-P,N}(PMe2Ph)][CI] 26 (0.123 g, 0.180 mmol) and tBuOK 
(0.020 g, 0.178 mmol) to give a pale yellow powder. Yield 0.098 g, 84 %. 
Microanalysis: Found (Calcd. for C25H25CIN2P2Pt). C 46.34 (46.48), H 4.21 
(3.90), N 3.84 (4.34) %. 3Ip_{H} NMR (CDCh): 8(PA) -20.2(d) ppm. IJct 95pt_ 
31pA) 3337 Hz. 8(Px) 64.8(d) ppm. IJct95Pt_3IpX) 3502 Hz. 2JeIpA_3Ipx) 12 
Hz. ): 8 8.94 (m, 1 H, pyC[6]H), 7.72 (m, 3 H, aromatics), 7.35 (m, 12 H, 
aromatics), 6.93 (m, 1 H, aromatic), 6.29 (m, 2 H, aromatics) and 1.68 (d, 6 
H, 3Jct 95pt)H) 35.1 Hz, 2JeIp)H) 10.7 Hz, PMe). FAB+ MS: mlz 646 [Mt 
and 611 [M-Clt. IR (KBr): 3073w, 3049w, 2917w, 2810w, 1612vs, 1532m, 
1468vs, 1440vs, 1360vs, 1312w, 1283m, 1240w, 1182vw, 1161m, 1122w, 
1108s, 1101m, 1072vw, 1049w, 1026vw, 1011m, 1000w, 984vw, 941vs, 
912vs, 844w, 799m, 772m, 744s, 721m, 695s, 652vw, 629m, 537s, 507s, 
490s, 456w, 446w, 434w, 376w, 321 w, 291 w cm-I. 
cis-[PtCl{Pb2PNHpy-P,N}(PPh2H)][Cl] 28. As for complex 20 using 
Ph2PNHpy 1 (0.045 g, 0.162 mmol) and cis-[PtCI2(PPh2H)2] (0.102 g, 0.160 
mmol) to give a fine white powder. Yield 0.111 g, 95 %. Microanalysis: 
Found (Calcd. for C29H26ChN2P2Pt). C 46.85 (47.68), H 3.63 (3.59), N 3.70 
(3.83) %. 3Ip_{H} NMR (CDCh): 8(P A) -16.9(d) ppm. IJct 95pt)lp A) 3271 Hz. 
8(Px) 62.1(d) ppm. IJct95Pt)lpx) 3513 Hz. 2JeIpA_3Ipx) 16 Hz. IH NMR 
(CDCh): 8 12.51 (m, I H, NH), 9.17 (m, I H, pyC[6]H), 7.97 (d, I H, 
aromatic), 7.83 (m, 3 H, aromatics), 7.73 (m, I H, aromatic), 7.48 (m, 16 H, 
aromatics), 7.28 (m, I H, aromatic), 7.04 (m, I H, aromatic), 6.98 (m, I H, 
aromatic), 6.79 (m, I H, aromatic) and 5.22 (d, I H, 2Jct 95pt_IH) 90.2 Hz, 
IJeIp_IH) 13.3 Hz, PH). FAB+ MS: mlz 695 [M-Clt and 658/659 [M-2CI]2+. 
IR (KBr): 3051m, 2585br, 2319m, 1617vs, 1587w, 1571w, 1478vs, 1437s, 
1399w, 1335w, 1281w, 1242w, 1187w, 1162w, 1105s, 1060vw, 1022w, 998w, 
117 
911s, 763m, 747s, 721m, 709m, 688s, 626w, 556w, 542m, 512m, 496vs, 
482m, 421w, 312w, 295w cm-I. 
cis-[PtCl{Ph2PNHpy-P,N}(PPh3)][Cl] 29. As for complex 20 using 
Ph2PNHpy 1 (0.059 g, 0.212 mmol) and cis-[PtCh(PPh3h] (0.167 g, 0.211 
mmol) to give a white crystalline product. Yield 0.158 g, 93 %. 
Microanalysis: Found (Calcd. for C35H30ChN2P2Pt). C 51.38 (52.12), H 3.85 
(3.75), N 3.22 (3.47) %. 3I p_{H} NMR (CDCh): <5(PA) 6.8(d) ppm. IJct 95pt_ 
3I PA) 3361 Hz. 8(Px) 63.7(d) ppm. IJct95Pt_3Ipx) 3754 Hz. 2JelpA-3IPx) 14 
Hz. IH NMR (CDCb): 8 12.03 (m, 1 H, NH), 9.32 (m, 1 H, pyC[6]H), 7.93 (d, 
1 H, aromatic), 7.72-7.21 (m, 26 H, aromatics) and 6.89 (m, 1 H, aromatic). 
FAB+ MS: mlz 771 [M-Clt and 736 [M-2CI]2+. IR (KBr): 3071 w, 3049w, 
3578br, 1617vs, 1586w, 1570w, 1478vs, 1437s, 1398w, 1338w, 1313w, 
1278w, 1241w, 1186w, 1160w, 1105s, 1095s, 1050vw, 1019w, 998m, 912vs, 
849vw, 838vw, 791m, 765m, 744s, 722m, 707s, 691vs, 627w, 547s, 524s, 
501 vs, 456vw, 420m, 332w, 305w, 257w cm-I. 
cis-[PtCl{Ph2PNpy-P,N}(PPh3)] 30. As for complex 21 using cis-
[PtCI{Ph2PNHpy-P,N}(PPh3)][Cl] 29 (0.173 g, 0.214 mmol) and tBuOK 
(0.024 g, 0.214 mmol) to give a pale yellow powder. Yield 0.143 g, 87 %. 
Microanalysis: Found (Calcd. for C35H29CIN2P2Pt). C 53.93 (54.59), H 3.32 
(3.80), N 3.54 (3.64) %. 3Ip_{H} NMR (CDCb): 8(P A) 10.3(d) ppm. IJe95pt_ 
3I PA) 3486 Hz. 8(Px) 66.4(d) ppm. IJct95Pt_3Ipx) 3493 Hz. 2JelpA-3IPx) 9 Hz. 
IH NMR (CDCb): 8 9.16 (m, 1 H, pyC[6]H), 7.45-7.16 (m, 26 H, aromatics), 
6.98 (d, 1 H, aromatic) and 6.30 (m, 1 H, aromatic). FAB+ MS: mlz 770 [Mt 
and 735 [M-Clt. IR (KBr): 3074m, 3052m, 1612vs, 1572w, 1529m, 1470vs, 
1436vs, 1359s, 1309w, 1280s, 1235w, 1185m, 1151m, 1107vs, 1098vs, 
1072vw, 1042m, 1028w, 101Os, 999m, 937vs, 844w, 800m, 754vs, 743vs, 
719m, 699vs, 690vs, 652vw, 627s, 547vs, 526vs, 517vs, 506vs, 496vs, 455w, 
437w, 423m, 321w, 295m cm-I. 
cis-[PtBr{Ph2PNHpy-P,N}(PPh3)][Br] 31. As for complex 20 using 
Ph2PNHpy 1 (0.063 g, 0.226 mmol) and cis-[PtBr2(PPh3hl (0.197 g, 
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0.224 mmol) in methanol (10 cm3) to give a white crystalline product. 
Yield 0.179 g, 89 %. Microanalysis: Found (Calcd. for 
C35H30Br2N2P2Pt). C 47.05 (46.94), H 3.63 (3.38), N 2.91 (3.13) %. 
FAB+ MS: mlz cluster at 815 [M-Brt and 735 [M-2Br]2+. IR (KBr): 
3049w, 2699br, 1646vw, 1616vs, 1585w, 1570w, 1480vs, 1436s, 1394w, 
1335w, 1314w, 1275w, 1239w, 1211vw, 1185w, 1160w, 1120m, 1110s, 
1095s, 1050w, 1019w, 998m, 911s, 848vw, 838vw, 820vw, 787m, 
763m, 744s, 724m, 706s, 692vs, 627w, 546s, 524s, 501 vs, 455w, 420w, 
329w, 305w cm-I 
cis-[PtI{Ph2PNHpy-P,N}(PPh3)][I] 32. As for complex 20 using Ph2PNHpy 
1 (0.059 g, 0.212 mmol) and [Pth(PPh3h] (0.205 g, 0.211 mmol) to give a 
pale yellow crystalline product. Yield 0.190 g, 91 %. Microanalysis: Found 
(Calcd. for C35H30hN2P2Pt). C 41.53 (42.49), H 3.16 (3.06), N 2.10 (2.83) %. 
FAB+ MS: mlz cluster at 862 [M-It and 735 [M-2I]2+. IR (KBr): 3048w, 
2701br, 1615vs, 1586vw, 1569vw, 1481vs, 1467s, 1435vs, 1391w, 1313w, 
1277w, 1235w, 1185w, 1159w, 1098s, 1019w, 998w, 903m, 752w, 743m, 
720w, 706s, 690vs, 624w, 544s, 520m, 496vs, 479w, 417w, cm-I. 
cis-[PtMe{Ph2PNHpy-P,N}(PPh3)][Cl] 33. As for complex 20 using 
Ph2PNHpy 1 (0.050 g, 0.180 mmol) and cis-[PtCIMe(PPh3)2] (0.137 g, 0.178 
mmol) to give a fine white powder. Yield 0.123 g, 88 %. Microanalysis: 
Found (Calcd. for C36H33ChN2P2Pt). C 54.56 (55.00), H 4.20 (4.23), N 3.44 
(3.56) %. 3I p _{H} NMR (CDCh): 8(PA) 16.7(d) ppm. IJe95pt_3IPA) 3948 Hz. 
8(Px) 82.3(d) ppm. IJe95pt_3IPx) 2013 Hz. 2 Jelp A_3I px) 10Hz. IH NMR 
(CDCI3): 0 11.45 (m, 1 H, NH), 8.46 (m, 1 H, pyC[6]H), 8.08 (d, 1 H, 
aromatic), 7.62 (m, 1 H, aromatic), 7.46-7.21 (m, 25 H, aromatics), 6.79 (m, 1 
H, aromatic) and 0.62 (dd, 2Je95 pt)H) 49.8 Hz, PtMe). FAB+ MS: mlz 751 
[M-Clt. IR (KBr): 3049m, 2983m, 2666br, 1616vs, 1586w, 1567w, 1475vs, 
1434s, 1343m, 13l3m, 1279m, 1237w, 1184w, 1160w, 1099vs, 1016w, 998m, 
908vs, 791m, 779m, 765m, 745s, 704vs, 692vs, 623w, 547vs, 523vs, 494vs, 
480m, 416m, 395.6vw cm-I. 
119 
cis-[PtCI{Ph2PNHpy-P,N} (P(OMe)J)] [Cl] 34. As for complex 20 usmg 
Ph2PNHpy 1 (0.085 g, 0.305 mmol) and cis-[PtCh(P(OMe)3)2] (0.137 g, 0.303 
mmol) to give a fine white powder. Yield 0.196 g, 97 %. Microanalysis: 
Found (Calcd. for C2oH24ChN203P2Pt). C 36.68 (35.94), H 3.49 (3.62), N 
4.35 (4.19) %. FAB+ MS: mlz 633 [M-Clt and 597 [M-2CI]2+. IR (KBr): 
3057m, 2992m, 2939m, 2642br, 1618vs, 1572m, 1481vs, 1437s, 1410w, 
1339m, 1283m, 1247w, 1142vs, 1108vs, 1020vs, 972w, 914vs, 873m, 855w, 
834w, 776vs, 746vs, 717s, 706s, 691s, 653w, 627m, 582s, 535vs, 499vs, 
485vs, 455m, 416s, 311m, 280w cm-I. 
cis-[PtCI{Ph2PNpy-P,N} (P(OMeh)] 35. As for complex 21 usmg cis-
[PtCI{Ph2PNHpy-P,N}(P(OMe)3)][CI] 34 (0.136 g, 0.203 mmol) and tBuOK 
(0.023 g, 0.205 mmol) to give a pale yellow powder. Yield 0.113 g, 88 %. 
Microanalysis: Found (Calcd. for C2oH23CIN203P2Pt). C 38.13 (38.02), H 3.42 
(3.67), N 4.14 (4.43) %. 3I p_{H} NMR (CDCh): o(PA) 54.9(d) ppm. I Je95pt_ 
31 p A) 3847 Hz. o(Px) 71.6(d) ppm. IJe95pt_3IPx) 5371 Hz. 2Je l p A_3I px) 18 
Hz. IH NMR (CDCh): 0 8.87 (m, 1 H, pyC[6]H), 7.84 (m, 3 H, aromatics), 
7.50 (m, 6 H, aromatics), 7.40 (m, 2 H, aromatics), 7.07 (d, 1 H, aromatic), 
6.34 (m, 1 H, aromatic), 3.98 (d, 9 H, 3Je lp-IH) 8.2 Hz, POMe). FAB+ MS: 
mlz 632 [Mt and 596 [M-Clt. IR (KBr): 3057m, 2991m, 2937m, 1615vs, 
1532m, 1472vs, 1437vs, 1387m, 1282m, 1247w, 1144vs, 1108vs, 1016vs, 
972w, 944s, 874m, 855w, 836w, 779vs, 747vs, 718m, 706m, 692m, 654w, 
627s, 576s, 532s, 501s, 490s, 450m, 423m, 315 cm-I. 
cis-[PtCl{Ph2PNHpy-P,N} (P(OEt)J)][CI] 36. As for complex 20 usmg 
Ph2PNHpy 1 (0.071 g, 0.255 mmol) and cis-[PtCh(P(OEt)3)z] (0.152 g, 0.254 
mmol) to give a fine white powder. Yield 0.143 g, 79 %. Microanalysis: 
Found (Calcd. for C23H30C12N203P2Pt). C 38.60 (38.89), H 4.14 (4.26), N 
3.76 (3.94) %. 3I p _{H} NMR (CDCh): o(P A) 62.4(d) ppm. IJ(195Pt_3Ip A) 3691 
Hz. o(Px) 68.0(d) ppm. IJe95pt)lpx) 5382 Hz. 2Je 1p A_3IpX) 17 Hz. IH NMR 
(CDCh): 0 12.25 (m, 1 H, NH), 9.08 (m, 1 H, pyC[6]H), 7.91 (m, 3 H, 
aromatics) 7.72 (m, 1 H, aromatic), 7.52 (m, 8 H, aromatics), 7.30 (m, 1 H, 
aromatic), 6.92 (m, 1 H, aromatic), 4.06 (dq, 6 H, 3 Jelp)H) 8.8 Hz, POCH2) 
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and 1.19 (t, 9 H, Me). FAB+ MS: mlz 675 [M-Clt and 640 [M-2CI]2+. IR 
(KBr): 3052w, 2973m, 2590br, 1618vs, 1588w, 1572w, 1482vs, 1439s, 
1390m, 1342m, 1317w, 1280m, 1242w, 1186w, 1161m, 1135m, 1105s, 
1047m, 1011 vs, 965s, 913s, 876vw, 837m, 786m, 771m, 753s, 722m, 708m, 
693m, 656vw, 626w, 575m, 533s, 503s, 487s, 454w, 424w, 329w, 309w cm-I. 
cis-[PtCl{Ph2PNpy-P,N} (P(OEt)J)] 37. As for complex 21 using cis-
[PtCl{Ph2PNHpy-P,N}(P(OEt)3][CI] 36 (0.164 g, 0.243 mmol) and tBuOK 
(0.027 g, 0.241 mmol) to give a pale yellow powder. Yield 0.139 g, 90 %. 
Microanalysis: Found (Calcd. for C23H29CIN203P2Pt). C 40.68 (40.99), H 4.15 
(4.34), N 4.13 (4.16) %. 3I p_{H} NMR (CDCh): D(PA) 64.3(d) ppm. IJe95 pt_ 
31 p A) 3385 Hz. D(Px) 82.8(d) ppm. IJe 95pt)lpx) 5560 Hz. 2Je lp A_3IPX) 13 
Hz. IH NMR (CDCI3): D 8.83 (m, 1 H, pyC[6]H), 7.79 (m, 3 H, aromatics), 
7.43 (m, 6 H, aromatics), 7.38 (m, 2 H, aromatics), 7.02 (d, 1 H, aromatic), 
6.31 (m, 1 H, aromatic), 4.04 (dq, 6 H, 3 Jelp-IH) 8.4 Hz, POCH2) and 1.07 (t, 
9 H, Me). FAB+ MS: mlz 674 [Mt and 639 [M-Clt. IR (KBr): 3074w, 
3052w, 2980m, 2932w, 1614vs, 1531m, 1471 vs, 1439vs, 1388m, 1365s, 
1280m, 1235w, 1179w, 1160m, 1120m, 1104s, 1058m, 1013vs, 947vs, 874w, 
826m, 789m, 773m, 758m, 746s, 715m, 704s, 694s, 652w, 626m, 568m, 
531m, 505s, 492s, 450w, 435w, 317w, 300m cm-I. 
cis-[PtCI{Ph2PNHpy-P,N} (P(O"Bu)J)][CI] 38. As for complex 24 usmg 
[PtCh(cod)] (0.093 g, 0.249 mmol), [CH3(CH2)30)3P (0.14 cm3, 0.130 g, 
0.519 mmol) and Ph2PNHpy 1 (0.070 g, 0.252 mmol) to give 38 as a fine 
white powder. Yield 0.164 g, 83 %. Microanalysis: Found (Calcd_ for 
C29H42ChN203P2Pt). C 43.75 (43.84), H 5.35 (5.33), N 3.62 (3.53) %. 31 p _ 
{H} NMR (CDCh): D(P A) 62.5(d) ppm. IJe95pt_3lp A) 3691 Hz. D(Px) 67.8(d) 
ppm. IJ(195pt}lpX) 5371 Hz. 2Je lpA)lpx) 18 Hz. IH NMR (CDCh): D 10.66 
(m, 1 H, NH), 9.15 (m, 1 H, pyC[6]H), 7.82 (m, 3 H, aromatics), 7.48 (m, 2 
H, aromatics), 7.26 (m, 6 H, aromatics), 6.82 (m, 2 H, aromatics), 3.62 (m, 6 
H, POCH2), 1.23 (m, 6 H, CH2), 1.06 (m, 6 H, CH2) and 0.74 (t, 9 H, Me). 
FAB+ MS: mlz 759 [M-Clt and 724 [M-2CI]2+. IR (KBr): 3051m, 2954m, 
2873m, 2637br, 1619vs, 1571m, 1482vs, 1437s, 1381w, 1341m, 1310w, 
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1286m, 1250w, 1233w, 1138vs, 111Ovs, 1062s, 1021vs, 986vs, 975vs, 912vs, 
878s, 810s, 773s, 757s, 747s, 718s, 689s, 654w, 623m, 616vw, 586s, 535s, 
500vs, 446m, 425s, 310m cm-I. 
cis-[PtCI{Ph2PNHpy-P,N}(P(OPhh)][CI] 39. As for complex 20 using 
Ph2PNHpy 1 (0.054 g, 0.194 mmol) and cis-[PtCh(P(OPh)3h] (0.171 g, 0.193 
mmol) to give a fine white powder. Yield 0.160 g, 97 %. Microanalysis: 
Found (Calcd. for C23H30ChN203P2Pt). C 48.98 (49.19), H 3.41 (3.54), N 
2.94 (3.28) %. 3Ip_{H} NMR (CDCh): 3(PA) 61.4(d) ppm. IJe95pt_3IPA) 3552 
Hz. 3(Px) 63.9(d) ppm. IJe95pt)lpx) 5793 Hz. 2JelpA-3IPx) 14 Hz. IH NMR 
(CDCh): 3 12.52 (m, 1 H, NH), 9.08 (m, 1 H, pyC[6]H), 8.02 (br d, 1 H, 
aromatic), 7.77 (m, 4 H, aromatics), 7.60 (m, 2 H, aromatics), 7.41 (m, 6 H, 
aromatics), 7.27-7.21 (m, 8 H, aromatics), 6.91 (br d, 1 H, aromatic) and 
6.86-6.81 (m, 6 H, aromatics). FAB+ MS: mlz 819 [M-Clt and 784 [M-2Clf+. 
IR (KBr): 3055m, 2616br, 1619vs, 1586s, 1481vs, 1456m, 1437m, 1408w, 
1340w, 1309vw, 1282w, 1241w, 1204s, 1178vs, 1158vs, 1105s, 1071w, 
1048vw, 1023m, 1009m, 998m, 944vs, 916vs, 878w, 829w, 779vs, 722m, 
707m, 688s, 657vw, 627m, 617m, 605m, 566w, 537s, 500s, 450w, 427m, 
310m cm-I. 
cis-[PtCI{Ph2PNHpy-P,N} (P(OPhh)] 40. As for complex 21 usmg cis-
[PtCI {Ph2PNHpy-P,N}(P(OPh)3][Cl] 39 (0.173 g, 0.202 mmol) and tBuOK 
(0.023 g, 0.205 mmol) to give a pale yellow powder. Yield 0.141 g, 85 %. 
Microanalysis: Found (Calcd. for C35H29CIN203P2Pt). C 50.62 (51.39), H 3.37 
(3.57), N 2.73 (3.42) %. 3I p_{H} NMR (CDCh): 3(PA) 68.2(d) ppm. IJe 95pt_ 
3I PA) 3294 Hz. 3(Px) 76.5(d) ppm. IJe95pt_3IPx) 5942 Hz. 2Je lpA-3I px ) 13 
Hz. IH NMR (CDCh): 3 8.81 (m, 1 H, pyC[6]H), 7.62 (m, 4 H, aromatics), 
7.46 (m, 2 H, aromatics), 7.28 (m, 6 H, aromatics), 7.20-7.16 (m, 8 H, 
aromatics), 6.96 (br d, 1 H, aromatic), 6.89-6.84 (m, 6 H, aromatics) and 6.26 
(m, 1 H, aromatic). FAB+ MS: mlz 818 [Mt and 783 [M-Clt. IR (KBr): 
3056w, 1614vs, 1588vs, 1531m, 1459vs, 1468vs, 1439vs, 1361s, 1308w, 
1279m, 1213s, 1182vs, 1161vs, 1109s, 1100s, 1071m, 1026s, lOlls, 932vs, 
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842w, 781 vs, 762s, 728s, 717m, 702s, 689vs, 626s, 620s, 600m, 568w, 536s, 
505s, 490s, 456w, 430w, 319w, 302m cm-I. 
cis-[PdCl{Ph2PNHpy-P,N} (PMe2Ph)][Cl] 41. As for complex 20 usmg 
Ph2PNHpy 1 (0.102 g, 0.367 mmol) and cis-[PdC12(PMe2Ph)2] (0.165 g, 0.364 
mmol) to give a cream crystalline product. Yield 0.192 g, 89 %. 
Microanalysis: Found (Calcd. for C2SH26ChN2P2Pd). C 50.28 (50.57), H 4.29 
(4.41), N 4.03 (4.72) %. 3I p_{H} NMR (CDCh): 8(PA ) 1.92(d) ppm. 8(Px) 
86.1(d) ppm. 2Je lpA)lpx) 6 Hz. IH NMR (CDCh): 8 11.91 (m, 1 H, NH), 
8.99 (m, 1 H, pyC[6]H), 7.87-7.77 (m, 5 H, aromatics), 7.62 (m, 2 H, 
aromatics), 7.49 (m, 4 H, aromatics), 7.28-7.23 (m, 6 H, aromatics), 6.88 (m, 
1 H, aromatic) and 1.79 (d, 6 H, 2Je l p-IH) 11.6 Hz, PMe). FAB+ MS: mlz 558 
[M-Clt and 523 [M-2Clf+. IR (KBr): 3051m, 2969m, 2893m, 2619br, 
1614vs, 1586w, 1571w, 1475vs, 1435s, 1314w, 1277w, 1240w, 1191vw, 
l159w, 1106s, 1058vw, 1018w, 998w, 963m, 915vs, 855w, 779m, 764m, 
744m, 722m, 706m, 688s, 626w, 529s, 496vs, 480s, 451w, 435w, 419w, 330w 
cm-I. 
cis-[PdCl{Ph2PNpy-P,N}(PMe2Ph)] 42. As for complex 21 usmg cis-
[PdCl{Ph2PNHpy-P,N}(PMe2Ph)][Cl] 41 (0.149 g, 0.251 mmol) and tBuOK 
(0.028 g, 0.250 mmol) to give a bright yellow crystalline product. Yield 0.123 
g, 88 %. Microanalysis: Found (Calcd. for C2sH2sClN2P2Pd). C 53.65 (53.89), 
H 4.29 (4.52), N 4.75 (5.03) %. 3Ip_{H} NMR (CDCh): 8(PA) -0.2(d) ppm. 
8(Px) 91.8(d) ppm. 2JelpA-31px) 4 Hz. IH NMR (CDCh): 8 8.76 (m, 1 H, 
pyC[6]H), 6.69 (m, 4 H, aromatics), 7.48 (m, 2 H, aromatics), 7.40-7.18 (m, 
10 H, aromatics), 6.87 (br d, 1 H, aromatic), 6.32 (m, 1 H, aromatic) and 1.63 
(d,6 H, 2Je l p-IH) 10.7 Hz, PMe). FAB+ MS: mlz 557 [Mt and 552 [M-Clt. 
IR (KBr): 3050w, 2967w, 2890w, 1607s, 1572vw, 1530w, 1459vs, 1433vs, 
1353s, 1315vw, l275m, 1232vw, 1182w, 1151w, 1104s, 1075vw, 1026vw, 
1007m, 949vs, 848w, 787w, 742s, 714w, 694s, 648vw, 623m, 532m, 526m, 
502m, 487s, 447vw, 432w, 318w, 284w cm-I. 
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cis-[PdCI{Ph2PNHpy-P,N}(PPh3)][CI] 43. As for complex 20 usmg 
Ph2PNHpy 1 (0.065 g, 0.234 mmol) and cis-[PdCh(PPh3)2] (0.162 g, 0.231 
mmol) to give a cream crystalline product. Yield 0.159 g, 96 %. 
Microanalysis: Found (Calcd. for C3sH30CI2N2P2Pd). C 58.64 (58.56), H 4.04 
(4.21), N 4.15 (3.90) %. 3Ip_{H} NMR (CDCh): 8(PA) 29.9(d) ppm. 8(Px) 
88.8(d) ppm. 2Je l p A_3I pX) 3 Hz. IH NMR (CDCh): 8 11.25 (m, 1 H, NH), 
8.90 (m, 1 H, pyC[6]H), 7.95 (m, 1 H, aromatic), 7.75-7.22 (m, 20 H, 
aromatics), 6.90-6.81 (m, 6 H, aromatics) and 6.66 (m, 1 H, aromatic). FAB+ 
MS: mlz 682 [M-Clt and 647 [M-2CI]2+. IR (KBr): 3049m, 2659br, 1612vs, 
1586w, 1570w, 1474vs, 1436s, 1398w, 1330w, 1277w, 1239w, 1186w, 
1158w, 1101s, 1048vw, 1017w, 998m, 913s, 849vw, 790w, 744s, 719m, 705s, 
690vs, 625w, 536vs, 518s, 494s, 416w, 318w, 300w cm-I. 
cis-[PdCI{Ph2PNpy-P,N} (PPh3)] 44. As for complex 21 using cis-
[PdCI{Ph2PNHpy-P,N}(PPh3)][CI] 43 (0.160 g, 0.223 mmol) and tBuOK 
(0.025 g, 0.223 mmol) to give a bright yellow product. Yield 0.143 g, 94 %. 
Microanalysis: Found (Calcd. for C3sH29CIN2P2Pd). C 60.99 (61.69), H 4.19 
(4.29), N 4.02 (4.11) %. 3I p_{H} NMR (CDCh): 8(PA) 29.6(s) ppm. 8(Px) 
93.6(s) ppm. IH NMR (CDCI3): 8 8.70 (m, 1 H, pyC[6]H), 7.97-6.59 (m, 28 
H, aromatics). FAB+ MS: mlz 681 [Mt and 646 [M-Clt. IR (KBr): 3051w, 
1604vs, 1572w, 1530w, 1480m. 1460vs, 1436vs, 1355m, 1309w, 1279m, 
1231w, 1184w, 1150w, 1098m, 1041w, 1027w, 1005m, 944s, 844w, 799w, 
789w, 753m, 743s, 718w, 699vs, 690vs, 647vw, 624m, 537vs, 518s, 501vs, 
491 vs, 452w, 422w, 320w, 292w cm-I. 
cis-[PdCI{Ph2PNHpy-P,N}(P(OMeh)] [Cl] 45. As for complex 20 usmg 
Ph2PNHpy 1 (0.063 g, 0.226 mmol) and cis-[PdCh(P(OMe)3h] (0.131 g, 
0.308 mmol) to give a fine cream powder. Yield 0.170 g, 95 %. 
Microanalysis: Found (Calcd. for C2oH24ChN203P2Pd). C 42.01 (41.44), H 
4.16 (4.17), N 5.16 (4.83) %. FAB+ MS: mlz 544 [M-Clt and 509 [M-2CI]2+. 
IR (KBr): 3057w, 2995w, 2939w, 2925w, 2688br, 1645vw, 1614vs, 1573w, 
1478vs, 1436s, 1407vw, 1334w, 1310vw, 1282w, 1245vw, 1153m, 1145vs, 
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1106s, 1026vs, 1015vs, 914s, 872w, 856vw, 829vw, 789s, 778s, 745vs, 716m, 
692s, 649vw, 626w, 573s, 525s, 493vs, 478s, 450w, 411s, 329w, 307vw cm-I. 
cis-[PdCI{Ph2PNHpy-P,N}(P(OEth)][CI] 46. As for complex 24 using 
[PdCh(cod)] (0.095 g, 0.333 mmol), (C2HSO)3P (0.12 cm3, 0.116 g, 0.698 
mmol) and Ph2PNHpy 1 (0.093 g, 0.334 mmol) to give 46 as a cream coloured 
powder. Yield 0.199 g, 96 %. Microanalysis: Found (Calcd. for 
C23H30ChN203P2Pd). C 44.67 (44.43), H 4.65 (4.86), N 4.48 (4.51) %. 31 p_ 
{H} NMR (CDCh): o(P A) 84.6(d) ppm. o(Px) 93.5(d) ppm. 2Je l p A_3IPX) 22 
Hz. IH NMR (CDCh): 0 11.88 (br s, 1 H, NH), 8.88 (m, 1 H, pyC[6]H), 7.96-
7.80 (m, 4 H, aromatics), 7.70-7.26 (m, 8 H, aromatics), 6.89 (m, 1 H, 
aromatic), 4.12 (dq, 6 H, 3Jel p)H) 9.0 Hz, POCH2) and 1.12 (t, 9 H, Me). 
FAB+ MS: mlz 586 [M-Clt and 551 [M-2CI]2+. IR (KBr): 3050w, 2973w, 
2901w, 2587br, 1662vw, 1642vw, 1614vs, 1587w, 1570w, 1477vs, 1439vs, 
1390m, 1362w, 1337m, 1316w, 1279m, 1241m, 1184m, 1158m, 1103vs, 
1022s, 1007vs, 970vs, 914vs, 853w, 822s, 785vs, 752vs, 722m, 705m, 692s, 
653w, 625w, 565s, 525s, 497vs, 483vs, 449m, 418m, 339w, 304w cm-I. 
cis-[PdCI{Ph2PNHpy-P,N}(P(ODBuh)][Cl] 47. As for complex 24 usmg 
[PdCh(cod)] (0.101 g, 0.354 mmol), 90% pure (DBuOhP (0.22 cm3, 0.199 g, 
0.715 mmol) and Ph2PNHpy 1 (0.099 g, 0.356 mmol) to give 46 as a cream 
coloured powder. Yield 0.205 g, 82 %. Microanalysis: Found (Calcd. for 
C29H42ChN203P2Pd). C 48.75 (49.34), H 5.35 (6.00), N 4.62 (3.97) %. 31 p_ 
{H} NMR (CDCh): o(P A) 56.2(d) ppm. o(Px) 76.7(d) ppm. 2Je l p A_3IPX) 44 
Hz. IH NMR (CDCI3): 0 10.22 (br s, 1 H, NH), 8.89 (m, 1 H, pyC[6]H), 7.81 
(m, 3 H, aromatic), 7.51-7.14 (m, 9 H, aromatics), 6.75 (m, 1 H, aromatic), 
3.54 (m, 6 H, POCH2), 1.22-0.95 (m, 12 H, CH2CH2) and 0.72 (t, 9 H, Me). 
FAB+ MS: mlz 670 [M-Clt and 635 [M-2Clf+. IR (KBr): 3059w, 2995w, 
2932w, 2871 w, 2684br, 1669vw, 1646vw, 1615vs, 1572w, 1480vs, 1436s, 
1379w, 1335w, 1309vw, 1285w, 1248vw, 1142vs, 1106s, 1062s, 1018s, 971s, 
910vs, 884s, 811s, 775s, 758s, 747s, 716s, 703m, 689s, 649vw, 627w, 579s, 
525s, 492vs, 442w, 421 s, 320w, 308w cm-I. 
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cis-[PdCI{Ph2PNHpy-P,N}(P(OPhh)][CI] 48. As for complex 20 usmg 
Ph2PNHpy 1 (0.057 g, 0.205 mmol) and cis-[PdCh(P(OPh)3h] (0.163 g, 0.204 
mmol) to give a cream crystalline product. Yield 0.144 g, 92 %. 
Microanalysis: Found (Calcd. for C3sH30ChN203P2Pd). C 54.65 (54.88), H 
3.82 (3.95), N 3.45 (3.66) %. 3I p _{H} NMR (CDCh): (5(PA) 88.1(d) ppm. 
(5(Px) 89.3(d) ppm. 2JelpA-3IPx) 26 Hz. IH NMR (CDCh): (5 11.25 (br s, 1 H, 
NH), 8.90 (m, 1 H, pyC[6]H), 7.95 (m, 3 H, aromatic), 7.75-6.22 (m, 18 H, 
aromatics), 6.90-6.81 (m, 6 H, aromatics), 6.66 (m, 1 H, aromatic). FAB+ MS: 
mlz 731 [M-Clt and 695 [M-2CI]2+. IR (KBr): 3056m, 2664br, 1614vs, 
1586s, 1481 vs, 1437s, 1397w, 1329w, 1278w, 1207m, 1178s, 1155s, 1105s, 
1071w, 1023m, 1008w, 998w, 938vs, 915vs, 827w, 814w, 773s, 751s, 720m, 
705m, 688vs, 626w, 600w, 565vw, 529m, 493s, 448vw, 420w, 331 vw, 316w 
cm-I. 
cis-[PdCI {Ph2PNpy-P,N} (P(OPhh)] 49. To a dichloromethane (30 cm3) 
solution of cis-[PdCI {Ph2PNHpy-P,N}(P(OPh)3)][CI] 48 (0.134 g, 0.175 
mmol) was added dropwise a dichloromethane (10 cm3) solution of Et3N 
(0.018 g 0.179 mmol) and the reaction mixture was stirred for 1 h. Distilled 
water (20 cm3) was added to the reaction and the DCM layer was separated 
and retained. The water layer was extracted with a further 10 cm3 of DCM. 
The extracts were combined and dried over anhydrous MgS04 • The drying 
agent was removed by filtration and the filtrate was concentrated under 
reduced pressure to ca. 1-2 cm3. Diethyl ether (40 cm3) was slowly added to 
give a bright yellow powder. Yield 0.115 g, 90 %. Microanalysis: Found 
(Calcd. for C35H29CIN203P2Pd). C 56.97 (57.62), H 3.91 (4.01), N 3.64 (3.84) 
%. 3I p_{H} NMR (CDCh): (5(PA) 91.6(d) ppm. (5(Px) 99.1(d) ppm. 2Jel pA -
3I PX) 20 Hz. IH NMR (CDCI3): (5 8.70 (m, 1 H, pyC[6]H), 7.93 (m, 3 H, 
aromatics), 7.65 (m, 24 H, aromatics) and 6.34 (m, 1 H, aromatic). FAB+ MS: 
mlz 730 [Mt and 694 [M-Clt. IR (KBr): 3056m, 1610s, 1588m, 1541w, 
1481vs, 1460vs, 1434vs, 1331m, 1278w, 1236vw, 1183s, 1158s, 1105m, 
1071w, 1025w, 1012w, 999w, 930vs, 906m, 830vw, 767s, 745s, 719m, 689vs, 
642vw, 635w, 600w, 533m, 506m, 491s, 451w, 424w, 339vw, 309vw cm-I. 
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CHAPTER 3; N-DIPHENYLPHOSPHINE DERIVATIVES OF 2-
(DIPHENYLPHOSHINO)ANILINE 
3.1 Introduction 
There are very few examples in the chemical literature of unsymmetrical, 
potentially bidentate bis-phosphines containing P-C-C-X-P backbones, where X 
= C,185,186 X = 0,187,188,190.192 X = S,193 fewer still where X = N,194.196 and no 
examples, to the best of our knowledge, where transition metal complexes have 
been prepared using P-C-C-N-P backboned ligands. Examples of P-C-C-O-P-M 
(where M = Pd235,236 and pe36) and platinum (H) and palladium (H) P-C-C-N-P-M 
metallacycles have previously been reported237 but all were formed VIa 
intramolecular reactions brought on by high temperature thermolysis. An 
important objective to this work is to determine whether the difference in the 
basicity or the steric properties of the two phosphorus atoms could be employed 
to obtain different co-ordination modes i.e. bidentate versus monodentate. In 
addition, the nitrogen atom represents a further site to be explored, particularly 
so if deprotonation is an available option. In this chapter we describe the 
synthesis of Ph2PNHC6H4PPh2 along with its reactivity towards a variety of late 
transition metals, including Pt(H), Pd(H), Rh(HI), Ir(HI), Ru(H) and Os(H). 
Also we will demonstrate that the ligand has three distinct modes of co-
ordination, as a bidentate chelating ligand, a bidentate bridging ligand and a 
monodentate Ph2PNH bound ligand. In addition, we have prepared the 
chalcogen compounds Ph2P(O)NHC6H4P(O)Ph2, Ph2P(S)NHC6H4P(S)Ph2 and 
Ph2P(Se)NHC6H4P(Se)Ph2, the disulfide of which coordinates as an anionic 
tridentate SNS donor upon reaction with [PdCh(C6HsCN)2] in dichloromethane 
or Na2PdCl4 in ethanol to give [PdCI{Ph2P(S)NC6H4P(S)PhrS,N,S}] - a species 
containing both six and four-membered rings. We also found that abstraction of 
the chloride with Ag[CI04] followed by treatment with PPh3 gave the cationic 
species [Pd(PPh3) {Ph2P(S)NC6H4P(S)Ph2-S,N,S} ][CI04]. 
RESUL TS AND DISCUSSION 
3.2 Synthesis of Ph2PNHC6H4PPh2 
Deprotonation of 2-( diphenylphosphino )aniline238 with nBuLi, at -78°C 
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III thf followed by treatment with chlorodiphenylphosphine gave crude 
Ph2PNHC6H4PPh2 50 as a pale brown oil. Recrystallisation, by dissolving in a 
minimum of acetone and the slow dropwise addition of distilled water with 
rapid stirring, yields 50 as a white solid in 73% yield (Equation 3.1). 
1. BuLi 
2. PP~CI 
Eqn 3.1 
The new phosphine is soluble in all common organic solvents and displays 
the expected AX type 31 p eH} NMR spectrum (in CDCb). We assign the 
triarylphosphorus moiety (PA) to the doublet at O(P) -19.5, (the starting 
material 2-(diphenylphosphino)aniline has O(P) = -21.0) and to the Ph2PNH 
group end of the molecule (Px) the doublet at O(P) 29 .6, (cf. 
MeC6H4(NHPPh2)/39 which has O(P) = 30.4 and 33.0). The 4Je 1p A)lpX) 
coupling constant of Ph2PNHC6H4PPh2 50 is 4 Hz which is small when 
compared to that of the tetraethyl-N-methylaniline derivative 
(Et2PN(Me)C6H4PEt2)194 A which has a 4Je 1p A_31px) coupling constant of 59 
Hz but is consistent with that of 1-( diphenylphosphany)naphth-2-
oxydiphenylphosphanel92 B the P-C-C-O-P backboned ligand, which exhibits 
a 4Je1pA)lpx) coupling constant of4 Hz (Figure 3.1). 
A B 
Fig 3.1 Unsymmetrical Phosphine-aminophosphine/phosphinite ligands. 
From the IR spectrum we can identify v(N-H) at 3300 cm- l and v(P-N) at 891 
cm-I. The IH NMR spectrum displayed a broad triplet at o(H) 5.4 [Je1p-IH) 
8.5 Hz] assigned to the amine proton. In its solid form, Ph2PNHC6H4PPh2 is 
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air and light sensitive and, if left exposed to either for approximately a week, 
the white crystalline material is converted to a light brown oily solid. A 
31p{lH} NMR (CDCh) of this material confirmed that the ligand had 
undergone extensive decomposition giving a number of products. Isolation or 
characterisation of these products was not attempted. Recrystallisation of the 
decomposed material from acetone/water resulted in the recovery of some 
pure ligand. 
3.3 Synthesis of Ph2P(E)NHC6H4P(E)Ph2 
The generation of Ph2P(E)NHC6H4P(E)Ph2, (where E = 0 51, E = S 52 
and E = Se 53 from Ph2PNHC6H4PPh2 50 is straightforward. Reaction of 
Ph2PNHC6H4PPh2 50 with a small excess of H20 2 (aq) in thf, or 
stoichiometric quantities of Ss in toluene, or Ses in refluxing toluene, lead to 
good yields (78%, 86% and 82% respectively) of the dioxidised species 
(Equation 3.2). Microanalytical data for 50-53 are collected in (Table 3.1). 
51. H20 2, thf 
52. S, toluene 
53. Se, toluene reflux ... 
Eqn 3.2 
Table 3.1 Microanalytical data for compounds 50-53. (calculated values in 
parentheses). 
Compound C H N 
50 Ph2PNHC6H4PPh2 78.08(78.09) 5.53(5.46) 3.35(3.04) 
51 Ph2P(O)NHC6H4P(O)Ph2 72.53(73.02) 5.32(5.11) 2.41(2.84) 
52 Ph2P(S)NHC6H4P(S)Ph2 68.45(68.56) 4.74(4.79) 2.63(2.66) 
53 Ph2P(Se )NHC6H4P(Se )Ph2 57.95(58.17) 4.16(4.07) 2.58(2.26) 
Compounds 51, 52 and 53 were all isolated as colourless solids, soluble in 
thf, acetonitrile, dichloromethane and chloroform, less so in toluene, 
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methanol and ethanol and slightly in petrol. The 4JelpA-3IPx) coupling 
constants were not observed in the 3lpeH} NMR spectra (in CDCb) for any 
of the dioxidised ligand species, displaying instead two single phosphorus 
resonances. For comparison, the 3lpeH} NMR data (in CDCb) for 50 to 53 
inclusive, are collected below (Table 3.2). The chalcogens of Ph2PC6H4NH2 
2-(diphenylphosphino)aniline were prepared and characterised by 3lpeH} 
NMR. The following 3Ip{IH} NMR data were generated for the oxide [8(P) 
35.1], sulfide [8(P) 39.7] and selenide [8(P) 26.9, IJe1p-77Se) 695 Hz], 
allowing unambiguous assignment of the two phosphorus environments of the 
dichalcogen species. The IH NMR spectra (in CDCb) of Compounds 51, 52 
and 53 all display the anticipated doublets for the amine protons (Table 3.2). 
Table 3.2 3lpeH} and IH NMR data for diphosphines (where P A = 
triarylphosphine {Ph2P-} and Px = diarylaminophosphine {Ph2PNH}). 
Chemical shifts/ppm 8(H) 
Compound 8(PA) 8(Px) °J(P A - Px) Hz NH 2J(Px-H) 
50 -19.5 29.6 3.7 5.43 8.5 
51 36.5 18.4 n.o.a 9.43 12.2 
52 39.9 51.3 n.o.a 8.35 8.3 
53 27.2 (691) 47.0 (787) n.o.a 8.19 7.0 
Values in parentheses denote IJ(77Se)IP)/Hz. a n.o. = Not observed. 
Assignment of the IR spectra of 51 to 53 is difficult but those bands we can 
identify along with those of Ph2PNHC6H4PPh2 50 for comparative purposes 
are collected below (Table 3.3). Oxidation of 50 causes significant increases 
in v(P-N) band energies, which accompanies a large decrease in v(N-H) 
energy, which may be an indication of intermolecular hydrogen bonding. The 
v(P=E) bands highlighted with an asterisk* have been assigned to the triaryl-
phosphorus chalcogen bonds. Assignment is based upon comparison of the IR 
spectra of the oxide v(P=O) 1174 cm-I, sulfide v(P=S) 632 cm-I and selenide 
v(P=Se) 545 cm-I of 2-(diphenylphosphino)aniline to the IR spectra of the 
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dioxidised bis-phosphines Ph2P(E)C6H4P(E)Ph2 51- 53. 
Table 3.3 selected IR [KBr pellet] (cm-I) spectroscopic data for 50-53. 
Compound v(N-H) v(P-N) v(P=E) 
50 3300s 891s 
51 3149m 952s, 1188vs, 1173vs* 
52 3106m 926s, 642s,630s* 
53 3081m 921s, 561s,543s* 
3.4 Co-ordination chemistry of Ph2P(S)NHC6H4P(S)Ph2 
Ph2P(S)NHC6H4P(S)Ph2 52 reacts with [PdCI2(PhCNh] In 
dichloromethane and Na2[PdCI4] in ethanol to give the same species, 
[PdCI {Ph2P(S)NC6H4P(S)Ph2-S,N,S}] 54, which was isolated as a bright-red 
crystalline solid in 75 and 78% respectively (Equation 3.3) 
PP~ 
11 
S 
/pp~ 
N 11 
H S 
[PdCliPhCN)2] 
CH2C~ 
or 
N~PdCI4 
EtOH 
Eqn 3.3 
The material is soluble in dichloromethane and chloroform but insoluble in 
methanol, ethanol, diethyl ether and petroleum ether. The 3lpeH} NMR 
spectrum (in CD2Ch) is, like that of the "free" ligand 52, an AX type but, 
unlike 52, displays a small 4Je l p A_3Ipx) coupling [3 Hz]. The low frequency 
resonance at 8(P) 42.6 assigned to the Ph2P=S phosphorus is comparable to 
that of the "free" ligand value 8(P) 39.9 but the Ph2P(S)N resonance at 8(P) 
79.4 has been significantly shifted to higher frequency when compared to the 
Ph2P(S)NH resonance of 52 8(P) 51.3. This shift to higher frequency occurs 
as a result of ring strain and is observed in other complexes containing Pd-S-
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P-N rings. A similar co-ordination mode to 52, (i.e. four and six-membered 
ring formation), is observed when the symmetrical ligand 1,1 ,S,S-tetraphenyl-
2,4-diaza-l,S-diphosphapentan-3-one is reacted with [PdCh(PhCN)z] in 
dichloromethane. 24o The 31peH} NMR value (in CDCh) of the "free" 
ligand241 is O(P) S2.2, the chemical shift of the phosphorus atoms contained in 
the six-membered Pd-S-P-N-C-N ring is O(P)S6.0 whilst that of the 
phosphorus involved in the four-membered ring is O(P) 91.0. Further 
examples of four-membered metallacycles containing anionic P-S-N moieties 
(where M = AI,242 Ni,243-246 Pd,247 pe48 and Ti249) rings have been reported along 
with Ph2P(S)NH2Mn(CO)3Br250 which contains the neutral bidentate PN 
donor Ph2P(S)NH2' Further evidence for the proposed anionic tridentate SNS 
co-ordination mode is given by the IR and IH NMR spectra which indicate 
the absence of the amine proton. Positive-ion F AB mass spectral and 
microanalytical data were in excellent agreement with the proposed structure. 
We also found that treatment of [PdCI {Ph2P(S)NC6H4P(S)Ph2-S,N,S}] 54 in 
dichloromethane with a Ag[CI04], followed by PPh3 gave the cationic species 
[Pd(PPh3){Ph2P(S)NC6H4P(S)Ph2-S,N,S} ][CI04] 55 as a bright-orange 
crystalline solid in 89% yield (Equation 3.4). 
Eqn 3.4 
The 31 p eH} spectrum (in CD2Ch) of 55 (Figure 3.2) clearly reveals three 
unique phosphorus environments. The lowest frequency resonance at oCP A) 
34.4 is assigned to the PPh3 group and displays two distinct couplings 
e Je1p A_31pX) 6 and 3 Je1p A)lpy) 18 Hz]. The resonance at O(P) 38.S 
e Je1px_31p A) 6 and 4Je 1px)lpy) 3 Hz] is assigned to the triarylthio-
phosphorus atom and the high-frequency resonance at O(P) 76.1 e Je1py)lpx) 
3 and 4Je1py_31p A) 18 Hz] to the Ph2P(S)N group. Again, there is good 
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supporting evidence for anionic tridentate SNS coordination behaviour from 
the IR, IH NMR and positive-ion F AB mass spectra in addition to good 
microanalytical data. 
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Fig 3.2 31peH} NMR spectrum (101.3 MHz) of [Pd(PPh3){Ph2P(S)N-
C6H4P(S)Ph2-S,N,S} HCI04] 55. 
3.5 Bidentate chelating coordination chemistry of Ph2PNHCd/4PPh2 
1 
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Ph2PNHC6H4PPh2 50 reacts with [PtCh(cod)] in dichloromethane to 
give a cream coloured solid in excellent yield (95%). The product was 
characterised as the expected chelate species. The 31p eH} NMR spectrum (in 
CDCh/dmso) of [PtCh{Ph2PNHC6H4PPh2}] 55 is an AX type and is shown 
below (Figure 3.3). The spectrum contains two sharp doublets at o(P) -0.4 
[lJe95pt_31p A) 3508 Hz] and o(P) 53.7 eJe95pt_31px) 3932 Hz], assigned to 
the triaryl phosphorus and the aminodiaryl phosphorus centres respectively, 
with a small 2Je 1pA_31 px) coupling of 21 Hz. The large IJC95Pt_31PA) and 
IJe95pt_31px) coupling constants are in agreement with values previously 
found for platinum (Il) complexes where phosphorus is trans to chloride. 204 
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Figure 3.3 3lp eH} NMR spectrum (101.3 MHz) of [PtCh-
{Ph2PNHC6H4PPh2}] 56. 
The lH NMR spectrum (in CDCh/d6-dmso) shows a multiplet at o(H) 8.30, 
which we have assigned to the amine proton - as an exchange reaction with 
D20 causes the resonance to disappear. Further evidence in support of the cis 
chelate structure comes from the IR spectrum which shows two distinct v(Pt-
Cl) stretches at 313 and 290 cm-l which are also consistent with a cis-PtCh 
geometry. The IR spectrum also shows a broad band at 3191 cm-l and a band 
at 922 cm-l assigned as v(NH) and v(PN) respectively. Crystals of 
[PtCh{Ph2PNHC6H4PPh2}] 56 suitable for X-ray crystallography were grown 
in approximately 2 hours by layering a chloroform/dimethylsulfoxide solution 
of [PtCh(cod)]/Ph2PNHC6H4PPh2 50 with diethyl ether. The crystal structure 
of the complex (Figure 3.4) along with its core geometry (Figure 3.5) and 
selected bond lengths and angles (Table 3.4) are shown below and confirm 
the proposed cis chelate geometry. The crystal structure shows that the 
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[PtCh {Ph2PNHC6H4PPh2}] 56 molecule is approximately square planar at 
platinum [maximum deviations from Pt(1)-P(1)-P(2)-CI(1)-CI(2) mean plane 
0.06 A above for Pt(1)]. The bite angle of the chelating phosphine is close to 
the ideal 90° [P(1)-Pt(1)-P(2) 91.03(5)°]. The Pt(1)-P(1)-N(1)-C(1)-C(2)-P(2) 
six-membered ring can be considered as two planes of four atoms with two 
atoms, N(1) and P(2) in common. The N(1)-C(1)-C(2)-P(2) atoms are planar 
whilst the Pt(1)-P(1)-P(2)-N(1) plane shows a mean deviation of only 0.04 A. 
The 'hinge angle' between the N(1)-C(1)-C(2)-P(2) and Pt(1)-P(1)-P(2)-N(1) 
planes is approximately 46°. The crystal structure also reveals that each 
molecule of [PtCh {Ph2PNHC6H4PPh2}] 56 crystallises with 0.75 molecules 
of chloroform and 0.75 molecules of dimethylsulfoxide, the oxygen atom of 
which is hydrogen-bonded to the amine proton of 56 [H(1n)- . '050) 1.93 A, 
0(50)' . 'N(1) 2.86 A, N(1)-H(1n)' . '0(50) 159°]. 
Figure 3.4 Crystal structure of [PtCh{Ph2PNHC6H4PPh2} ]·0.75dmso·0.75 
CHCb 56. 
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CJ(1) IICU2) 
Figure 3.5 Core geometry in [PtCh {Ph2PNHC6H4PPh2} lOo 75dmso·0. 75 
CHCh 56. 
Table 3.4 Selected bond lengths (A) and angles (0) for 
[PtCh {Ph2PNHC6H4PPh2}] ,0. 75dmso·0. 75 CHCh 56. 
P(1)-Pt(1) 2.2126(13) P(2)-Pt(1) 2.2318(13) 
Pt(1)-CI(1) 2.3667(14) Pt(1 )-CI(2) 2.358(2) 
P(1)-N(1) 1.689(4) N(1)-C(1) 1.407(7) 
C(I)-C(2) 1.404(8) P(2)-C(2) 1.821(5) 
P(1)-Pt(I)-P(2) 91.03(5) CI(1 )-Pt(1 )-CI(2) 89.45(6) 
P(1 )-Pt( 1 )-CI(2) 172.80(6) P(2)-Pt(1 )-CI(1) 178.36(5) 
P(1)-Pt(1 )-CI(1) 87.38(5) P(2)-Pt( 1 )-CI(2) 92.18(6) 
Pt(I)-P(1)-N(1) 113.90(2) Pt(1 )-P(2)-C(2) 114.10(2) 
P(1)-N(1)-C(I) 120.70(4) P(2)-C(2)-C( 1) 119.00(4) 
N (1 )-C( 1 )-C(2) 120.50(5) 
The dibromo- 57 and diiodo- 58 derivatives of [PtCh{Ph2PNH-
C6H4PPh2}] can be prepared by reaction of 50 with [PtBr2( cod)] and 
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[Pth(cod)] .or by metathesis of the dichloride with an excess of the 
appropriate halide ion in refluxing acetone. Microanalytical data obtained for 
the dibromo and diiodo complexes are in good agreement with calculated 
values (Table 3.5). Also in agreement were the positive-ion FAB mass spectra 
which displayed the expected parent-ion peaks and fragmentation patterns: 
{For 57 mlz 839 [M+Nat, 816 [Mt, 736 [M-Brt and 655/6 [M-2Br]2+}, 
{For 58 mlz 933/4 [M+Nat, 910 [Mt, 783/4 [M-It and 655/6 [M-2I]2+}, 
with appropriate isotope distributions. Satisfactory 31p {lH} NMR data could 
not be collected due to the insolubility, even in neat d6-dmso, of the diiodo 
complex and the rapid halide exchange reaction of the dibromide which takes 
place in CDCh/dmso, resulting in multiplets around the mean o(P) values 
observed for the dichloride 56. A CDCh/dmso solution of 
[PtBr2{Ph2PNHC6H4PPh2}] reverts back to the dichloride if left to stand for 
approximately one week. Reaction ofPh2PNHC6H4PPh2 50 with [PtMe2(cod)] 
in dichloromethane produces an off-white powder, characterised as the 
dimethyl complex [PtMe2{Ph2PNHC6H4PPh2}] 59, as is evidenced by the 
31 p eH} NMR spectrum (in CDCh/dmso) (Figure 3.6). 
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Figure 3.6 31peH} NMR spectrum (101.3 MHz) of [PtMe2-
{Ph2PNHC6H4PPh2}] 59. 
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The much smaller IJe95pt_3lp A) couplings associated with doublet resonances 
at 8(PA) 10.7 [IJe 95pt)lp) 1808 Hz] (triarylphosphorus) and 8(Px) 70.6 
eJ(195Pt)lpx) 2063 Hz] (diaminophosphorus) are consistent with those found 
in complexes where phosphorus is (rans to a methyl group.251.253 The two 
inequivalent methyl group proton resonances in the IH NMR spectrum of 
complex 59 (in CDCh/d6-dmso) appear as overlapping multiplets at 
approximately 8(H) 0.30 flanked by platinum satellites eJe 95pt)H) 69 Hz]. 
Due to the complexity of the splitting pattern the cis and (rans 3 Je1p)H) 
coupling constants could not be confidently assigned. The NH signal appears 
as a multiplet at 8(H) 8.17, confirmed by an exchange reaction with D20 . A 
dilute dichloromethane solution of Ph2PNHC6H4PPh2 50 added dropwise over 
10 minutes, (extension of the addition time to 2 hours gave the same products 
in the same ratio), to a dilute solution of [PtCIMe( cod)] in the same solvent 
gives two products shown below (Figure 3.7). Structural assignment is based 
on comparison of the 3lpeH} NMR spectrum (in CDCh/dmso) of the isolated 
material, shown in (Figure 3.8), to those of the dichloro 56 and the dimethyl 
59 analogues. 
Figure 3.7 Products obtained by reaction of Ph2PNHC6H4PPh2 50 with 
A B 
[PtCIMe(cod)]. 
Integration of the two sets of resonances showed that complex B constituted 
approximately 90% of the isolated material (89% yield overall). The same 
NMR sample stored at room temperature was run two and four weeks after 
the initial 3lpeH} NMR experiment. Comparison of the spectra showed that 
the isomer ratio had not changed. A sample of the same material heated to 
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approximately 60°C in toluene failed to alter the ratio of products, but, 
instead, gave rise to several new ones. Isolation and characterisation of these 
products was not attempted. 
Table 3.5 3lpeH} NMRa data for Pt complexes of Ph2PNHC6H4PPh2. (where 
P A = triarylphosphine {Ph2P-} and Px = diarylaminophosphine {Ph2PNH}). 
Chemical shifts/ppm Coupling constants/Hz 
Complex 6(P A) 6(Px) IJ(Pt_p A) IJ(Pt-Px) 2 J(P A-PX) 
56 -0.4 53.8 3508 3932 21 
59 10.7 70.6 1808 2063 26 
A 11.9 63.2 1696 4615 23 
B 11.1 71.5 4126 1965 28 
a Spectra (101.3 MHz) measured in CDCb/dmso 
A summary of the 3lpeH} NMR data obtained for the four Pt (ll) complexes 
56, 59, A, and B is given above (Table 3.5). Metathesis of the mixed CliMe 
platinum complexes A and B was not attempted. Microanalytical data for the 
isolated Platinum complexes are collected below (Table 3.6). 
Table 3.6 Microanalytical data for [Pt(Xh(L)] complexes (calculated values 
in parentheses) where L = Ph2PNHC6H4PPh2. 
Complex C H N 
56 [PtCl2{L}] 50.05(49.53) 3.86(3.46) 2.06(1.93) 
57 [PtBr2 {L}] 44.97(44.14) 3.43(3.09) 1.78(1.72) 
58 [Pth{L} ] 39.73(39.58) 3.05(2.77) 1.48(1.54) 
59 [PtMe2{L} ] 55.39(55.98) 4.63(4.55) 2.06(2.04) 
A+B [PtMeCl {L}] 55.36(55.66) 3.77(3.99) 1.87(1.98) 
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Figure 3.8 31peH} NMR spectrum (10l.3 MHz) of isolated material from reaction ofPh2PNHC6H4PPh2 50 with [PtCIMe(cod)]. 
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. 
[PdCh {Ph2PNHC6H4PPh2}] 60 was prepared and isolated in the same manner 
as its platinum analogue 56. The expected AX type 3lpeH} NMR spectrum 
was obtained, 3(P A) 18.1 for the Ph2P group and 3(Px) 77.8 for Ph2PNH, 
where both of the phosphorus centres have been shifted significantly down 
field (~3 = 37.6 and 48.2 respectively), indicating that both phosphorus atoms 
have coordinated. However, the 2 Je 1 P A _31 Px) coupling constant of 5 Hz is 
very small when compared to those of the platinum complexes (56, 57 and 
A+B) above. The coupling is only slightly larger than the 4Je l p A_3lpX) 
coupling of 4 Hz observed for the "free" ligand and smaller than those found 
in complexes where the ligand is acting as a monodentate phosphorus donor 
which have an average 4JelpA-3IPx) coupling of 9 Hz (see below). The 
positive-ion F AB mass spectrum failed to give the anticipated parent-ion peak 
but showed the expected [M-Clt and [M-2Clt2 fragments. The IR spectrum 
of the complex shows two distinct v(Pd-Cl) stretches at 313 and 290 cm-I 
which are consistent with a cis-PdCh geometry. The IR spectrum also shows 
a band at 3125 cm-l and a band at 925 cm-l assigned as v(N-H) and v(P-N) 
respectively. The addition of solid Ph2PNHC6H4PPh2 50 to a hot ethanol 
solution of NiCl2'6H20 after cooling gives [NiCh{Ph2PNHC6H4PPh2}] 61 as 
a bright-red crystalline solid. No 3lp eH} or lH NMR spectra for this 
complex were observed, indicating that in solution 
[NiCh {Ph2PNHC6H4PPh2}] 61 is paramagnetic. Since square planar Ni(lI) 
complexes are expected to be diamagnetic, this observation indicates that 61 
exhibits distortions from idealised square-planar geometry. As measurement 
of NMR parameters was not possible, complex 61 was characterised by IR 
spectroscopy, mass spectrometry and microanalysis. The IR spectrum showed 
bands at 3201, 917 and 330 cm-I assigned as v(N-H), v(P-N) and v(Ni-CI) 
respectively. The positive-ion FAB mass spectrum gave the correct parent-ion 
peak, mlz 591 [Mt and the appropriate [M-Clt and [M-2CI]2+ fragments and 
micro analytical data were in good agreement with the proposed 
[NiCh {Ph2PNHC6H4PPh2}] 61 formulation (Table 3.7). Ph2PNHC6H4PPh2 
50 reacts with [Mo(CO)4(piph] in refluxing dichloromethane by displacement 
of the piperidine molecules to give the anticipated six-membered ring 
molybdenum complex as shown below (Equation 3.5). 
141 
Eqn 3.5 
The 3lpeH} NMR spectrum of [MO(CO)4{Ph2PNHC6H4PPh2}] showed two 
sharp doublets at o(P) 33.6 and O(P) 91.7 with a 2Je l pA)l px) coupling of 35 
Hz which is consistent with that of other molybdenum unsymmerical 
chelating bis-phosphine tetracarbonyl complexes. 254 Micro analytical data was 
in good agreement with calculated values (Table 3.7) as was the positive-ion 
F AB mass spectrum which gave the anticipated parent-ion peak at mlz 
669/670 and showed successive loss of one, two, three and four CO groups. 
IR data (KBr pellet) gave further support to the proposed structure showing 
four distinct bands due to carbonyl stretches, which is consistent with cis 
MO(CO)4 geometry. 
3.5 Bidentate bridging co-ordination chemistry of Ph2PNHC6H4PPh2 
As well as the chelating mode of co-ordination, resulting In the 
formation of six-membered metallacycles Ph2PNHC6H4PPh2 50 can act as a 
bridging ligand between two metal centres. The reaction of two equivalents of 
[AuCl(tht)] (tht = tetrahydrothiophene) with 50 in dichloromethane gave 
[Ph2P{AuCl}NHC6H4P{AuCl}Ph2] 63 as a white solid in excellent yield 
(91 %). The complex displays two single resonances in its 3lpeH} NMR 
spectrum [o(Px) 60.9 and O(P A) 20.1 for the Ph2PNH and Ph2P- groups 
respectively] and the IH NMR spectrum showed the amine proton as a broad 
triplet at o(H) 5.61 eJelp)H) 3 Hz]. Microanalytical data were in good 
agreement with calculated values (Table 3.7) and the positive-ion FAB mass 
spectrum gave the correct, though very weak, parent-ion peak at mlz 926 
along with a strong peak corresponding to [M-Clt. Assignment of the IR 
spectrum is difficult, but we can identify v(N-H) at 3238 cm-I and v(P-N) at 
922 cm-I. Suitable crystals of [Ph2P{AuCI}NHC6H4P{AuCI}Ph2]·CHCh 63 
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for X-ray analysis were grown by layering a chloroform solution of 63 with 
diethyl ether and the molecular structure is shown below (Figure 3.9). 
Figure 3.9 Crystal structure of [Ph2P{AuCl}NHC6H4P{AuCl}Ph2]·CHCb 63. 
Unfortunately, the crystals were subject to decomposition during data 
collection and, although the proposed structure was confirmed along with the 
general conformation of the molecule, no meaningful data concerning bond 
lengths/angles were obtained. 
Table 3.7 Microanalytical data for complexes 60-63. (calculated values in 
parentheses) where L = Ph2PNHC6H4PPh2. 
Compound C H N 
60 [PdClz{L}] 50.05(49.53) 3.86(3.46) 2.06(1.93) 
61 [NiClz{L} ] 44.97(44.14) 3.43(3.09) 1.78(1.72) 
62 [Mo(COh{L}] 39.73(39.58) 3.05(2.77) 1.48(1.54) 
63 [(AuCl)z{L} ] 55.39(55.98) 4.63(4.55) 2.06(2.04) 
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3.5 Monodentate co-ordination chemistry of Ph2PNHC6H4PPh2 
A third co-ordination mode is observed when Ph2PNHC6H4PPh2 50 is 
reacted with a range of chloro-bridged transition metal dimers. Reaction of 50 
with [{RhCI(,u-CI)( 7l-CsMes) h] in thf at room temperature gave [RhCI2( 7l-
CsMes){Ph2PNHC6H4PPh2-P (N)}] 64 which only involves co-ordination via 
the Ph2PNH end of the bis-phosphine. In dg-toluene solution the 3lp eH} 
NMR (Figure 3.10) supports this assignment showing two sets of resonances, 
a doublet of doublets at o(Px) 56.3 and a doublet at o(P A) -22.7 assigned to 
the Ph2PNH and Ph2P- groups respectively. The Ph2PNH phosphorus has been 
shifted down-field by 27 ppm relative to the "free" ligand, which is indicative 
of co-ordination, whilst the triarylphosphine has shifted up-field by 3.2 ppm. 
The resonance at o(Px) 56.3 ppm shows two sets of couplings, a 4Je 1p A_3Ipx) 
of 9 Hz and a IJe03Rh)lpx) of 151 Hz. The doublet at o(PA) -22.7 ppm has 
only the 4Je 1p A_3Ipx) coupling. Similar mono dentate products were obtained 
by reaction of Ph2PNHC6H4PPh2 50 with [{IrCI(,u-CI)(7l-CsMes)h], 
[{RuCI(,u-Cl)(176 -p-MeC6H4ipr) h]' [{RuCICu-CI)(176-C6Me6) h]' [{RuCI(,u-
CI)(173:173-C IOHI6)h] and [{OsCICu-CI)(176-p-MeC6H4ipr)h] in thf to give 
s 6 . [IrCh( 17 -CsMes){Ph2PNHC6H4PPh2-P (N)}] 65, [RuCh( 17 -p-MeC6H4IPr)-
{Ph2PNHC6H4PPh2-P (N)} ] 66, [RuCh( 176 -C6Me6) {Ph2PNHC6H4PPh2-P (N)} ] 
67, [RuCh(173:173_CIOHI6){Ph2PNHC6H4PPh2-P(N)}] 68 and [OsCh(176-P-
MeC6H4ipr){Ph2PNHC6H4PPh2-P (N)}] 69 respectively. The attempted 
preparation of a mono dentate complex from [{RuCI(,u-CI)( 176 -C6H6) h] under 
identical conditions resulted in the formation, as evidenced by 3I p{IH} NMR, 
of multiple products the isolation and characterisation of which was not 
attempted. Stirring the monodentate rhodium complex 64 in chloroform for 
two hours followed by precipitation with diethyl ether and isolation by 
filtration resulted in conversion to the cationic chelate complex [RhCI( 17s-
CsMes){Ph2PNHC6H4PPh2-P(N;'P} HCI] 70. Once again, there is strong 
3l p eH} NMR evidence to support this (Figure 3.10). A CD Ch solution of the 
chelate complex gave the expected splitting pattern - a total of eight lines. 
The Ph2P- group is shifted down-field by 54.6 ppm to o(P A) 31.9 and displays 
a IJct°3Rh_3I pA) coupling of 124 Hz whilst the Ph2PNH group has undergone 
a further down-field shift, by 19.1 ppm, to o(Px) 75.4 with a IJe03Rh_3Ipx) 
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coupling of 13 5 Hz. In addition to this is the much larger 2 Je 1 P A - 31 Px) 
coupling of 80 Hz. All other monodentate complexes, except [RuCh( 1]3: ll-
ClOHI6){Ph2PNHC6H4PPh2-P(N)}], undergo the analogous conversion in the 
more polar solvent system MeOH/CHCh. Alternatively, bidentate co-
ordination can be induced by the use of a halide abstractor such as Ag[BF4] 
or Ag[CI04] - an approach used in the preparation of [Rh{Ph2PNHC6H4PPh2-
p(N),P}(cod)][CI04] 71 where Ag[CI04] is used to remove the chlorine atoms 
from [{RhCu-Cl)( cod) h] prior to the addition of Ph2PNHC6H4PPh2 50, 
resulting in formation of the chelate with no intermediate mono dentate stage 
in the synthesis. Reaction of [RuCh(1]6-p-MeC6H4ipr){Ph2PNHC6H4PPh2-
P (N)}] 66 and [RuCh( 1]6 -C6Me6){Ph2PNHC6H4PPhrP (N)}] 67 with one 
equivalent of Ag[BF4] in dichloromethane gave the cationic chelate 
6 . 
complexes [RuCI(1] -p-MeC6H4IPr){Ph2PNHC6H4PPh2-P (NY,P} ][BF4] 72, and 
[RuCI( 1]6 -C6Me6) {Ph2PNHC6H4PPh2-P (N),P}] 73. Microanalytical data for 
mono- and bidentate complexes 64-73 inclusive are given below (Table 3.8). 
Table 3.8 Microanalytical data for complexes 64-73. (calculated values in 
parentheses). LM = monodentate Ph2PNH bound ligand, LB = bidentate ligand. 
Complex C H N 
64 [RhCh(1]5-CsMes){LM} ] 62.10 (62.35) 5.61 (5.23) 1.97 (1.82) 
65 [IrCh( 1]5 -CsMe5) {LM}] 55.71 (55.88) 4.82 (4.69) 1.80 (1.63) 
66 
6 . [RuCh( 1] -p-MeC6H4IPr){LM}] 62.69 (62.58) 5.37 (5.12) 1.97 (1.82) 
67 [RuCh( 1]6 -C6Me6) {LM}] 63.66 (63.40) 5.71 (5.45) 1.98 (1.76) 
68 [RuCh(1]3: 1]3-ClOHI6){LM}] 61.97 (62.42) 5.31 (5.37) 1.63 (1.82) 
69 
6 . [OsCh(1] -p-MeC6H4IPr){LM}] 56.41 (56.07) 4.42 (4.59) 1.47 (1.63) 
70 [RhCI( 1]5 -C5Mes) {LB}] [Cl] 62.35 (62.35) 5.74 (5.23) 1.66 (1.82) 
71 [Rh{LB}(cod)][CI04] 59.01 (59.12) 4.62 (4.83) 1.47 (1.81) 
72 
6 . [RuCI(1] -p-MeC6H4IPr){LB} ][BF4] 58.94 (58.66) 4.96 (4.80) 1.77 (1.71) 
73 [RuCI(1]6-C6Me6){LB} ][BF4] 59.77 (59.55) 5.47 (5.12) 1.60 (1.65) 
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Figure 3.10 31peH} NMR spectra (101.3 MHz) of [RhCh(17s-CsMes){Ph2PNHC6H4PPh2-P(N)}] (in ds-toluene) upper and 
[RhCI( 17s -CsMes){Ph2PNHC6H4PPh2-P (N),P} HCI] (in CDCh) lower. 
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Attempts to prepare a chelate complex from [RuCh(1]3: ll-
CloH16){Ph2PNHC6H4PPhrP(N)}] by stirring in MeOH/CHCb solution for 24 
hours resulted in re-isolation of the original complex, whereas the use of a 
halide abstractor resulted only in the deposition of black insoluble material, 
presumed to be ruthenium metal. Once chelation had been induced in the 
Rh(III) and Ru(II) complexes, experiments were performed to ascertain 
whether this process was reversible. Refluxing thf solutions of the cationic 
species 70, 72 and 73 with a large excess of chloride ions (NaCI or HCI) 
failed to regenerate the neutral monodentate species. A general reaction 
scheme of the previously discussed compounds is shown below (Scheme 3.1). 
M - Ar = RhCp*, IrCp*, RuMeC6H4ipr, 
RuC6Me6, OsMeC6H4ipr. 
Scheme 3.1 Where X = Cl and M-Ar = RhCp* (i) = CHCb, where X = Cl and 
M-Ar = IrCp*, RuMeC6H4ipr, RuC6Me6 and OsMeC6H4ipr (i) = 
MeOH/CHCb, where X = BF4 and M-Ar = RuMeC6H4ipr and RUC6Me6 (i) = 
Ag[BF4] in CH2CI2. 
The 31peH} data for compounds 64-73 are collected below (Table 3.9) 
and demonstrates that the more nucleophilic, less sterically crowded 
phosphine (Ph2PNH) always coordinates first with a corresponding down/up-
field shift depending on the metal. The uncoordinated phosphine undergoes a 
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Table 3.9 Collected 3lpeH} NMR parameters for the monodentate and 
bidentate complexes 64-73. (where P A = Ph2P- and Px = Ph2PNH). 
Chemical shifts/ppm Coupling constants/Hz 
Complex 3(PA) 3(Px) 4J(p A-Px) 2 J(P A-PX) IJ(Rh-P A) IJ(Rh-Px) 
640 -22.7 56.3 9 151 
65b -22.6 23.8 8 
66 b -21.8 53.1 9 
67b -24.5 56.7 9 
6SC -20.3 34.6 13 
69 b -21.6 11.4 9 
70b 31.9 75.4 80 124 135-
7l C 17.5 71.9 53 136 158 
72 C 35.4 82.5 78 
73 C 36.3 82.5 83 
65(ayd -6.4 37.7 48 
69(ay,d 
-10.8 36.8 48 
o Spectra (101.3 MHz) measured In dg-toluene. b Spectra (101.3 MHz) 
measured in CDCh. C Spectra (36.2 MHz) measured in CDCh. d Complex 
65(a) = [IrCI(ll-CsMes){Ph2PNHC6H4PPh2-P(N),P}][CI], 69(a) = [OsCI(176-
C6Me6){Ph2PNHC6H4PPh2-P (N)'P}] [Cl] were prepared by stirring the 
corresponding neutral species 65 and 69 respectively in an MeOH/CHCh 
solvent mixture for the purpose of 3lpeH} experiments only and were not 
isolated. 
small shift to lower frequency relative to its position in the "free" ligand, the 
small 4Je 1p A) IpX) coupling is indicative of this binding mode of co-
ordination. Upon chelation both phosphines are shifted to higher frequency 
relative to their positions in the mono dentate complexes. This is accompanied 
by the characteristically larger 2JelpA-3IPx) coupling. All of the isolated aryl 
transition metal complexes, including 
p(N),P}(cod)][CI04] gave satisfactory microanalyses (Table 3.8) positive-ion 
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F AB mass spectral data (including isotopomer distributions and anticipated 
fragmentation patterns) and IH NMR data. As part of the characterisation of 
this type of complex and to further our conclusions about the binding modes 
of Ph2PNHC6H4PPh2 50, three representative examples were 
crystallograpically determined. The molecular structures of [IrCh( 1]5-
C5Me5){Ph2PNHC6H4PPh2-P(N)}] 65 (Figure 3.11) and [RuCh(1]3:1]3-
CloH16){Ph2PNHC6H4PPhrP(N)}] 68 (Figure 3.12) reveal the expected 
mono dentate Ph2PNH co-ordination mode whilst that of [RuCl( 1]6-
C6Me6){Ph2PNHC6H4PPh2-P(N),P}][BF4] 73 (Figure 3.13) confirms bidentate 
co-ordination. Selected bond lengths and angles for 65, 68 and 73 are 
collected III Table 3.10. Suitable crystals of [IrCh( 1]5-
C5Me5){Ph2PNHC6H4PPh2-P(N)}]·0.75CH2Ch 65 were grown by slow 
diffusion of petroleum ether into a dichloromethane solution. The crystal 
structure shows that the molecule has a three-legged 'piano stool' structure 
and that the ligand backbone P(2)-C(2)-C(1 )-N(1 )-P(1) is approximately 
planar [maximum deviation from P(2)-C(2)-C(1)-N(1)-P(1) mean plane 0.14 
A for P(I)]. 
Figure 3.11 Crystal structure of [IrCh( 1]5 -C5Me5) {Ph2PNHC6H4PPh2-
P(N)} ]·0.75CH2Ch 65. 
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Figure 3.12 Crystal structure of [RuCh( 1l: ll-ClOH16){Ph2PNHC6H4PPh2-
P(N)}] 68. 
Figure 3.13 Crystal structure of [RuCI(1]6-C6Me6){Ph2PNHC6H4PPh2-
P(N)'P} ][BF4]-0.5CHCh 73. 
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The P(2) adopts a 'syn' geometry with respect to P(I) though this does 
not appear to be a consequence of any intramolecular interactions. Crystals of 
[RuCh(7/: 7/-CIOH16){Ph2PNHC6H4PPh2-P(N)}] 68 were grown in a similar 
manner to those of 65. The molecular structure reveals approximate trigonal 
bipyramidal geometry at ruthenium with the upper and lower vertices being 
represented by Cl(l) and Cl(2) and the three equatorial vertices by P(l) and 
the two allylic groups. In common with 65, the P(2)-C(2)-C(1)-N(1)-P(1) 
ligand backbone is near planer [maximum deviation from mean plane 0.26 A 
for P(1)]. An additional feature of 68 not observed in 65 is an intramolecular 
hydrogen-bonding interaction between the Cl(2) atom and the amine 
hydrogen H(ln) of N(1) [H(1n)' . ·Cl(2) 2.28 A, Cl(2)' . 'N(1) 3.08 A, N(1)-
H(1n)' . ·Cl(2) 139.6°] resulting in the formation of a near planar pseudo five-
membered ring [mean deviation from Ru(I)-Cl(1)-P(1)-N(1)-H(1n) plane 0.02 
A]. In the solid state, this interaction effectively 'locks' the P(1) and P(2) 
atoms into 'syn' geometry with respect to each other. The mono dentate 
systems are quite well pre-organised for chelation but, apart from the obvious 
changes in conformation, chelation has little effect on the bond-lengths 
within the ligand. Crystals of complex 75 suitable for X-ray crystallography 
were grown by slow evaporation of a concentrated chloroform solution, and 
found to crystallise as [RuCh(1]6-C6Me6){Ph2PNHC6H4PPh2-
P (N),P} ][BF 4]-0.5 CHCh. The crystal structure shows that, like 65, the 
molecule has a three-legged 'piano stool' structure and the ruthenium atom is 
coordinated to an arene group. The geometry of the RUP2C2N ring is similar 
to that observed in the PtP2C2N ring of [PtCh(Ph2PNHC6H4PPh2)] 56. The 
ring consists as two planes of four atoms with N(I) and P(2) common to both 
planes. The N(l)-C(1 )-C(2)-P(2) atoms are planar and the Ru(1 )-P(2)-P(1)-
P(2) close to planar with a mean deviation of only 0.07 A. The N(1) and P(2) 
atoms define a 'hinge' between the two planes and the 'hinge' angle is 
approximately 47° which is very similar to the 46° 'hinge angle' observed in 
the crystal structure of [PtCh(Ph2PNHC6H4PPh2)] 56. There is also a 
hydrogen-bonding interaction between the amine hydrogen H(1n) ofN(1) and 
the F(3) atom [H(1n)· . 'F(3) 2.28 A, F(3)' . ·N(I) 3.19 A, N(1)-H(ln) .. 'F(3) 
156°] of the [BF 4r counter-ion. 
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Table 3.10 Comparative bond lengths (A) and angles (0) for complexes 65, 
68 and 73. 
Complex 65 68 73 
M-P(l) 2.3113(11) 2.4400(11) 2.331(3) 
P(1)-N(1) 1.691 (3) 1.671(3) 1.681(8) 
N(1)-C(l) 1.423(5) 1.421(6) 1.435(13) 
C(1)-C(2) 1.427(6) 1.406(6) 1.394(14) 
C(2)-P(2) 1.841(4) 1.832(5) 1.823(10) 
M-P(2) 2.307(3) 
M-CI(l) 2.4254(12) 2.4216(12) 2.382(3) 
M-CI(2) 2.4011 (13) 2.4058(12) 
M-P(l)-N(1) 110.29(13) 112.19(13) 115.60(3) 
P(1)-N(1)-C(1) 130.00(3) 130.10(3) 127.20(7) 
N (1 )-C(1 )-C(2) 118.70(4) 119.20(4) 120.40(9) 
C(1 )-C(2)-P(2) 118.80(3) 117.90(3) 117.40(8) 
C(2)-P(2)-M 115.10(3) 
P(2)-M-P(1) 85.00(10) 
Although preliminary studies into the co-ordination chemistry of 
Ph2P(S)NHC6H4P(S)Ph2 52 have shown that it can act as an anionic tridentate 
SNS donor as in [PdCI {Ph2P(S)NC6H4P(S)Ph2-P ,N,S}] 54, the related 
compounds Ph2P(0)NHC6H4P(0)Ph2 51 and Ph2P(Se)NHC6H4P(Se)Ph2 53 
remain, as yet, unexplored. The generation of neutral species of the type 
[MX(Ar){Ph2PNC6H4PPh2-P(N),P}] (where M = Rh, Ir, Ru or Os, X = halogen 
and Ar = are ne) by deprotonation of the amine group of the chelating ligand 
also requires further study. Another potential area of investigation is whether 
complexes of the type [MX2(Ar){Ph2PNHC6H4PPh2-P(N)}] (where M = Rh, Ir, 
Ru or Os, X = halogen and Ar = arene) which contain Ph2PNHC6H4PPh2 in 
the monodentate Ph2PNH bound co-ordination mode can themselves act as 
152 
ligands, via the unbound phosphine, allowing their use as potential precursors 
for the construction of bimetallic or even trimetallic systems. 
EXPERIMENT AL 
Experimental conditions were as set out on page 16 and in previous chapters. 
The compound 2-(diphenylphosphino)aniline238 and the metal complexes 
[Mo(CO)4(pip)2],2S5 [{Rh(,u-Cl)(cod)h],2S6 [{MCl(,u-Cl)(l/-CsMes)h] (M = Rh, 
Ir),257 [ {RuCl(,u-Cl)( 1]6 -p-MeC6H4ipr)} 2],258 [{RuCl(,u-Cl)( 1]6 -C6Me6)} 2],258 
[{RuCl(,u-Cl)( 1]3: 1]3 -ClOH16) hY59 and [PdCh(PhCN)2Y60 were prepared 
according to literature procedures. nBuLi was titrated against diphenylacetic 
acid just prior to use. The osmium dimer [{OsCl(,u-Cl)(1]6-p-MeC6H4ipr)h] 
was prepared in the same manner as its ruthenium analogue/58 and was kindly 
donated by Dr. J onathan Parr. 
Ph2PNHC6H4PPh2 50. A solution of 2.43M nBuLi (13 cm3, 31.6 mmol) in 
hexane was added dropwise over a period of 10 min to a cooled (-78°C 
cardice/acetone) stirred solution of 2-(diphenylphosphino)aniline (8.7 g, 
31.4mmol) in freezelthaw de gassed THF (350 cm3). The clear pale orange 
solution was allowed to reach room temperature and stirred for 30 min 
resulting in the deposition of a light, white precipitate. The reaction mixture 
was again cooled to -78°C and a solution of chlorodiphenylphosphine (5.7 
cm3, 7.0 g, 31.7 mmol) in freeze/thaw degassed THF (50 cm3) was added 
dropwise over a period of 10 min and the mixture was allowed to slowly 
warm to room temperature, then stirred for 1 hour. The solvent was removed 
in vacuo and the pale brown oil was taken up in a minimum amount of 
acetone (ca. 50 cm3). Distilled water was added dropwise (ca. 30 cm3) to 
precipitate the product. The colourless solid was collected by suction 
filtration, washed with ice cold methanol (20 cm3) and dried overnight in 
vacuo. Yield 10.5 g, 73 %. Microanalysis: Found (Calcd. for C30H2SNP2). C 
78.09 (78.08), H 5.53 (5.46), N 3.35 (3.04) %. 31p_{H} NMR (CDCh): o(P A) 
-19.5(d), o(Px) 29.6(d) ppm. 4JelpA_31px) 4 Hz. IH NMR (CDCh): 0 7.36-
7.17 (m, 22 H, aromatics), 6.85 (m, 1 H, aromatic), 6.74 (m, 1 H, aromatic) 
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and 5.43 (br t, 1 H, 2JeI p)H) 9 Hz, NH). FAB+ MS: mlz 461 [Mt. IR (KBr): 
3300s, 3059m, 1587s, 1566s, 1474vs, 1433vs, 1393w, 1372s, 1327w, 1286s, 
1261m, 1229w, 1181w, 1165w, 1155w, 1125w, 1090m, 1066w, 1038w, 
1025m, 997m, 971w, 918w, 891vs, 849w, 781m, 755vs, 743vs, 696vs, 618vw, 
545w, 516s, 496s, 469s 447m, 419w, 393w, 282w cm-I. 
Ph2P(O)NHC6H4P(O)Ph2 51. Aqueous hydrogen peroxide (30% w/w, 0.2 
cm3, 1.76mmol) was added dropwise to a solution of Ph2PNHC6H4PPh2 50 
(0.36 g, 0.78 mmol) in thf (10 cm3) and the mixture was stirred for 30min. 
The solvent was removed in vacuo to give a viscous oil which was dissolved 
in dichloromethane (30 cm\ and dried over magnesium sulfate. The drying 
agent was removed by filtration and the filtrate was evaporated to dryness. 
The produ.ct was recrystallised from the minimum of hot toluene and after 
storage overnight at -4°C collected by suction filtration and dried in vacuo. 
Yield: 0.3 g, 78 %. Microanalysis: Found (Calcd. for C30H2SN02P2) C 72.78 
(73.02), H 5.32 (5.11), N 2.74 (2.84) %. 3I p_{H} NMR (CDCI3): 3(PA) 
18.4(s), 3(Px) 36.5(s) ppm. IH NMR (CDCh): 3 9.43 (br d, 1 H, 2Je Ip_IH) 12 
Hz, NH) and 7.73-7.20 (m, 22 H, aromatics) and 6.97-6.79 (m, 2 H, 
aromatics). FAB+ MS: mlz 493 [Mt. IR (KBr): 3158br, 3059w, 1594m, 
1575m, 1492vs, 1450s, 1439s, 1412m, 1384w, 1361 w, 1297s, 1270w, 1239w, 
1191vs, 1167s, 1157s, 1137s, 1120vs, 1113m, 1103m, 1072w, 1043w, 1026w, 
997w, 937s, 871vw, 847w, 806w, 771w, 759s, 728vs, 709s, 697vs, 638w, 
619w, 610w, 553vs, 535vs, 524m, 517m, 494w, 469w, 443w, 349w cm-I. 
Ph2P(S)NHC6H4P(S)Ph2 52. Ph2PNHC6H4PPh2 50 (0.41 g," 0.89 mmol) and 
elemental sulfur (0.057 g, 1.78 mmol) were stirred in toluene (20 cm3) for 90 
min. The solvent was removed in vacuo and the crude product was taken up 
in dichloromethane (10 cm3) and filtered through celite. The filtrate was 
evaporated to dryness and the crude product was recrystallised from a 
minimum of warm toluene. The colourless solid was collected by suction 
filtration and dried overnight in vacuo. Yield: 0.4 g, 86 %. Microanalysis: 
Found (Calcd. for C30H2SNP2S2) C 68.45 (68.56), H 4.74 (4.79), N 2.63 (2.66) 
%. 3I p_{H} NMR (CDCh): 3(P A) 39.9(s) ppm. 3(Px) 51.3(s) ppm. IH NMR 
(CDCh): 3 8.35 (br d, 1 H, 2Je Ip)H) 8 Hz, NH), 7.78-7.21 (m, 22 H, 
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aromatics) and 6.85-6.71 (m, 2 H, aromatics). FAB+ MS: mlz 526 [M+Ht and 
548 [M+Nat. IR (KBr): 3106m, 3059m, 1585s, 1569s, 1485vs, 1445m, 
1436vs, 1409m, 1292m, 1277m, 1232w, 1215w, 1185w, 1165w, 1133w, 
1101 vs, 1068w, 1044vw, 1029w, 997w, 927s, 866vw, 802s, 760s, 744s, 
732w, 713vs, 693vs, 642s, 630s, 614s, 568w, 544w, 514vs, 489w, 472w, 
432w, 370vw, 346vw, 330vw cm-I. 
Ph2P(Se)NHC6H4P(Se)Ph2 53. Ph2PNHC6H4PPh2 50 (0.42 g, 0.91 mmol) and 
grey selenium (0.144 g, 1.82 mmol) were heated to reflux in toluene (20 cm3) 
for 30 min. The solvent was removed in vacuo and the crude product was 
taken up in dichloromethane (10 cm3) and filtered through celite to remove a 
trace of unreacted selenium. The filtrate was evaporated to dryness and the 
crude product was recrystallised from the minimum of warm toluene. The 
white crystalline solid was collected by suction filtration and dried overnight 
in vacuo. Yield: 0.46 g, 82 %. Microanalysis: Found (Calcd. for 
C30H2SNP2Se2) C 57.95 (58.17), H 4.16 (4.07), N 2.58 (2.26) %. 3I p_{H} 
NMR (CDCb): 8(P A) 27.3(s) ppm. IJe l p_77Se) 691 Hz. 8(Px) 47.0(s) ppm. 
IJe l p_77Se) 787 Hz. IH NMR (CDCb): 8 8.19 (br d, 1 H, 2 Jelp-IH) 7 Hz, 
NH), 7.75 (m, 4 H, aromatics), 7.63-7.27 (m, 18 H, aromatics), 6.85 (m, 1 H, 
aromatic) and 6.67 (m, 1 H, aromatic). FAB+ MS: mlz 621 [Mt. IR (KBr): 
3081m, 3059m, 1584s, 1568s, 1484vs, 1445s, 1435vs, 1406m, 1332w, 1295m, 
1273w, 1232w, 1215vw, 1184w, 1164w, 1131w, 1096vs, 1068m, 1044vw, 
1028w, 997w, 921s, 864vw, 799m, 758s, 744s, 730w, 712m, 691s, 701vs, 
620w, 574m, 561 vs, 544s, 508vs, 494m, 483m, 454vw, 433vw cm-I. 
[PdCI{Ph2P(S)NC6H4P(S)PhrS,N,S}] 54. To a ethanol solution (10 cm3) of 
Na2PdCl4 (0.073 g, 0.248 mmol) was added Ph2P(S)NHC6H4P(S)Ph2 52 
(0.132 g, 0.251 mmol) as a solid in one go. The reaction mixture was gently 
heated until the Ph2P(S)NHC6H4P(S)Ph2 52 had completely dissolved, then 
stirred for 17 h. The resulting red solid was collected by filtration, re-
dissolved in dichloromethane (l0 cm3) and filtered through a small celite pad. 
Slow addition of diethyl ether (50 cm3) to the stirred filtrate gave 54 as bright 
red micro-crystals, which were collected by suction filtration, washed with 
diethyl ether (2 x 10 cm3) and dried in vacuo. Yield 0.129 g, 78 %. 
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Microanalysis: Found (Calcd. for C30H24CINP2PdS2) C 53.73 (53.98), H 3.53 
(3.62), N 2.00 (2.11) %. 31p_{H} NMR (CD2Ch): o(PA) 42.6(d) ppm, o(Px) 
79.4(d) ppm. 4Je1pA_31px) 3 Hz. IH NMR (CD2Ch): 0 7.84-7.53 (m, 20 H, 
aromatics), 7.13-7.06 (m, 1 H, aromatic) and 6.79-6.60 (m, 3 H, aromatics). 
FAB+ MS: m/z, 66617 [Mt and 630/1 [M-Clt. IR (KBr): 3053m, 1580s, 
1553w, 1480w, 1459vs, 1434vs, 1304s, 1270m, 1252m, 1185w, 1171w, 
1140w, 1108vs, 1082w, 1048vw, 1027vw, 998w, 974w, 850vw, 809m, 750vs, 
720m, 690vs, 644vs, 622w, 607m, 594m, 521 vs, 492m, 469vw, 366vw, 329w, 
305w cm-I. 
[Pd(PPh3){Ph2P(S)NC6H4P(S)Ph2-S,N,S} ][CI04] 55. To a dichloromethane 
solution (10 cm3) of [PdCI{Ph2P(S)NC6H4P(S)Ph2-S,N,S}] 54 (0.125 g, 0.188 
mmol) was added solid Ag[CI04] (0.040 g, 0.193 mmol). The reaction 
mixture was stirred for 3 h and the precipitated AgCI was removed by 
filtration through a small celite pad. To the red filtrate was added solid PPh3 
(0.050 g, 0.191 mmol) which caused an immediate colour change from red to 
orange. The slow addition of diethyl ether to the orange solution gave 55 as 
bright orange micro-crystals, which were collected by suction filtration, 
washed with diethyl ether (2 x 10 cm3) and dried in vacuo. Yield 0.166 g, 89 
%. Microanalysis: Found (Calcd. for C4sH39CIN04P3PdS2). C 57.97 (58.07), 
H 3.75 (3.96), N 1.38 (1.41) %. 3I p_{H} NMR (CD2Ch): O(PA) 34.4(dd) ppm. 
o(Px) 38.5(dd) ppm. <3(P y ) 76.1(dd) ppm. 3Je1pA-3IPx) 6 Hz, 3Je 1pA-3I py) 18 
Hz, 4Je 1py_3I px) 3 Hz. IH NMR (CD2Ch): <3 7.78-7.49 (m, 20 H, aromatics), 
7.10-7.02 (m, 1 H, aromatic) and 6.83-6.67 (m, 3 H, aromatics). FAB+ MS: 
m/z, 893 [M-(CI04)t. IR (KBr): 3054m, 1581m, 1553w, 1481 w, 1460s, 
1434vs, 1304s, 1270w, 1252m, 1186w, 1168vw, 1140vw, 1094vs(br), 1026w, 
997m, 972w, 850vw, 798m, 747vs, 719m, 708m, 690vs, 639s, 622m, 601m, 
593m, 532vs, 521 vs, 513s, 493m, 459vw, 365vw, 332w cm-I. 
cis-[PtCh{Ph2PNHC6H4PPh2}] 56. To a dichloromethane (3 cm3) solution of 
[PtCh(cod)] (0.092 g, 0.25 mmol) was added in one portion solid 
Ph2PNHC6H4PPh2 50 (0.116 g, 0.25 mmol) and stirred for 2 hours. The 
resulting cream coloured microcrystalline product was collected by suction 
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filtration washed with ice cold dichloromethane (2 x 2 cm 3) then petroleum 
ether (2 x 20 cm3) followed by diethyl ether (2 x 20 cm3) and dried in vacuo. 
Yield: 0.17 g, 95 %. Microanalysis: Found (Calcd. for C30H2sCI2NP2Pt) C 
50.05 (49.53), H 3.86 (3.46), N 2.06 (1.93) %. 3lp_{H} NMR (CDCh/dmso): 
<3(P A) -O.4(d) ppm. lJ(l9Spt_3lp A) 3508 Hz. <3(Px) 53.8(d) ppm. lJe 9S pt_3l px) 
3932 Hz. 2JelpA)lpx) 21 Hz. lH NMR (CDCh/dg-dmso): <3 8.30 (m, 1 H, 
NH), 7.72 (m, 4 H, aromatics), 7.60-7.29 (m, 17 H, aromatics), 7.12 (m, 1 H, 
aromatic), 6.89 (m, 1 H, aromatic) and 6.55 (m, 1 H, aromatic). FAB+ MS: 
mlz 692 [M-Clt and 655/6 [M-2Clf+. IR (KBr): 3191br, 3053m, 1592m, 
1482m, 1450vs, 1436vs, 1297w, 1259vw, 1230w, 1184m, 1163vw, 1134w, 
1099vs, 1079w, 1027w, 998w, 922br, 870w, 769m, 746m, 729w, 712m, 
692vs, 604vw, 547vs, 522vs, 486vs, 313m, 290m Cm-l. 
cis-[PtBr2{Ph2PNHC6H4PPh2}] 57. This was prepared in the same way as 
the platinum complex 56 using [PtBr2(cod)] (0.129 g, 0.28 mmol) in DCM (4 
cm3) and Ph2PNHC6H4PPh2 50 (0.130 g, 0.28 mmol) and stirred for 17 hours 
(overnight), collected by suction filtration washed with ice cold 
dichloromethane (2 x 2 cm3) then petroleum ether (2 x 10 cm3) followed by 
diethyl ether (15 cm3) to give a cream coloured microcrystalline product. 
Yield: 0.19 g, 84 %. Microanalysis: Found (Calcd. for C30H2SBr2NP2Pt) C 
44.97 (44.14), H 3.43 (3.09), N 1.78 (1.72) %. FAB+ MS: mlz 816 [Mt, 736 
[M-Brt and 655/6 [M-2Br]2+. IR (KBr): 3199br, 3052m, 1590m, 1482m, 
1436vs, 1388br, 1308w, 1256w, 1227w, 1185m, 1160w, 1133w, 1100vs, 
1077m, 1028w, 999m, 906br, 813vw, 746vs, 690vs, 618vw, 594vw, 545vs, 
521 vs, 485s, 450w, 305br cm-l. 
ciS-[PtI2{Ph2PNHC6H4PPh2}] 58. This was prepared in the same way as the 
platinum complex 56 using [Pth(cod)] (0.136 g, 0.24 mmol) in 
dichloromethane (4 cm3) and Ph2PNHC6H4PPh2 50 (0.116 g, 0.25 mmol) and 
stirred for 17 hours (overnight), collected by suction filtration washed with 
ice cold dichloromethane (2 x 2 cm3) then petroleum ether (2 x 10 cm3) 
followed by diethyl ether (2 x 10 cm3) to give a pale yellow microcrystalline 
product. Yield: 0.17 g, 78 %. Microanalysis: Found (Calcd. for 
C30H2ShNP2Pt) C 39.73 (39.58), H 3.05 (2.77), N 1.48 (1.54) %. FAB+ MS: 
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mlz 910 [Mt, 783/4 [M-It and 655/6 [M-2I]2+. IR (KBr): 3199vbr, 3050m, 
1589m, 1481s, 1436vs, 1381br, 1306w, 1256vw, 1228w, 1184m, 1159w, 
1132w, 1098vs, 1074m, 1027w, 998m, 899br, 812m, 744vs, 687vs, 617w, 
586w, 538vs, 517vs, 481s, 449w, 401w, 353w cm-I. 
cis-[PtMe2{Ph2PNHC6H4PPh2}] 59. This was prepared in the same way as 
the platinum complex 56 using [PtMe2(cod)] (0.072 g, 0.22 mmol) in 
dichloromethane (1.5 cm3) and Ph2PNHC6H4PPh2 50 (0.105 g, 0.23 mmol) 
stirred for 2 hours to give a clear yellow solution. Light petroleum (10 cm3) 
was added and the dichloromethane was removed by slow evaporation to give 
a cream coloured precipitate. The product was collected by suction filtration 
and washed with light petroleum (2 x 10 cm3) followed by diethyl ether (2 x 
10 cm3) and dried in vacuo. Yield: 0.12 g, 82 %. Microanalysis: Found 
(Ca1cd. for C32H3INP2Pt) C 55.39 (55.98), H 4.63 (4.55), N 2.06 (2.04) %. 
3Ip _{H} NMR (CDCh/dmso): o(P A) 10.7(d) ppm. IJe 95pt_3Ip A) 1808 Hz. 
8(Px) 70.6(d) ppm. IJe95pt)Ipx) 2063 Hz. 2JeIpA)Ipx) 26 Hz. IH NMR 
(CDCh/dg-dmso): 0 8.17 (m, 1 H, NH), 7.56-7.49 (m, 4 H, aromatics), 7.41-
7.29 (m, 16 H, aromatics), 7.17 (m, 1 H, aromatic), 6.95 (m, 1 H, aromatic), 
6.79 (m, 1 H, aromatic), 6.69 (m, 1 H, aromatic) and 0.34 (m, 6 H, 2Je95 pt_ 
IH) 69 Hz, PtMe). FAB+ MS: mlz 709 [M+Nat, 687 [M+Ht, 671 [M-CH3t 
and 655 [M-2CH3f+. IR (KBr): 3314vs, 3055m, 2925m, 2875s, 2799m, 
1586vs, 1571 vs, 1480vs, 1435vs, 1371 vs, 1308vs, 1283m, 1244s, 1229vs, 
1180vs, 1129vs, 1099vs, 1070vs, 1026vs, 998vs, 883vs, 806s, 760vs, 745vs, 
696vs, 630vs, 583vs, 538vs, 525vs, 513vs, 496vs, 478vs, 467vs, 447vs, 
428vs, 337s cm-I. 
cis-[PdCh{Ph2PNHC6H4PPh2}] 60. This was prepared in the same way as 
the platinum complex 56 using [PdCh(cod)] (0.075 g, 0.26 mmol) in 
dichloromethane (2.5 cm3) and Ph2PNHC6H4PPh2 50 (0.125 g, 0.27 mmol) 
The pale yellow precipitate was collected by suction filtration washed with 
ice cold dichloromethane (2 x 1 cm3) the petroleum ether (20 cm3) followed 
by diethyl ether (2 x 10 cm3) and dried in vacuo. Yield: 0.16 g, 95 %. 
Microanalysis: Found (Calcd. for C30H25ChNP2Pd) 55.58 (56.41), H 3.96 
(3.94), N 2.18 (2.19) %. 3Ip_{H} NMR (CDCh/dmso): O(PA) 18.1(d), o(Px) 
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77.8(d) ppm. 2Je lp A)lpX) 5 Hz. IH NMR (CDCh/dg-dmso): 0 8.34 (br t, 1 H, 
2Je lp-IH) 6 Hz, NH), 7.71 (m, 4 H, aromatics), 7.61-7.32 (m, 17 H, 
aromatics), 7.19 (m, 1 H, aromatic), 6.87 (m, 1 H, aromatic) and 6.59 (m, 1 
H, aromatic). FAB+ MS: mlz 662 [M+Nat, 604 [M-Clt and 568 [M-2CI]2+. 
IR (KBr): 3125m, 3055w, 1589m, 1482m, 1448vs, 1436vs, 1394br, 1309br, 
1256vw, 1229w, 1186w, 1161w, 1135w, 1100s, 1078w, 1027w, 998w, 925br, 
758m, 744m, 691vs, 617vw, 599vw, 534s, 516vs, 494m, 479m, 312m, 290m 
cm-I. 
cis-[NiCh{Ph2PNHC6H4PPh2}] 61. Solid Ph2PNHC6H4PPh2 50 (0.167 g, 
0.36 mmol) was added in one portion to a hot stirred ethanol solution (5 cm3) 
of NiCh.6H20 (0.086 g, 0.36 mmol) causing an immediate colour change 
from pale green to deep red. The reaction mixture was heated and stirred for a 
further 10 minutes and then allowed to cool. The resulting bright red 
crystalline material was collected by suction filtration washed with ethanol (2 
x 5 cm3) and dried in vacuo. Yield: 0.154 g, 72 %. Microanalysis: Found 
(Calcd. for C30H2sChNP2Ni) 60.31 (60.96), H 4.01 (4.26), N 2.15 (2.37) %. 
FAB+ MS: mlz 591 [Mt, 556 [M-Clt and 520 [M-2CI]2+. IR (KBr): 3201m, 
3079w, 3053w, 1590m, 1481m, 1452s, 1437vs, 1370w, 1307w, 1229w, 
1184w, 1163w, 1133w, 1096s, 1078w, 1027w, 999w, 917m, 904w, 767m, 
746s, 711m, 691 vs, 604vw, 528vs, 515vs, 492m, 479m, 398vw, 360vw, 330m 
cm-I. 
cis-[Mo(CO)4{Ph2PNHC6H4PPh2}] 62. [Mo(CO)4(pip)z] (0.403 g, 1.07 
mmol) and Ph2PNHC6H4PPh2 50 (0.493 g, 1.07 mmol) were refluxed in 
dry/degassed dichloromethane (20 cm3) under an N2 atmosphere for 1.5 hours 
The pale orange solution was cooled to room temperature and methanol ca. 
(20 cm3) was added then the mixture was concentrated to ca. (30 cm3) and 
left to stand at _4°C overnight. The cream coloured solid was collected by 
suction filtration washed with methanol (2 x 10 cm3) and diethyl ether and 
dried in vacuo. Yield: 0.63 g, 88 %. Microanalysis: Found (Calcd. for 
C34H2sMoN04P2) C 60.58 (61.00), H 3.50 (3.76), 1.82 (2.09) %. 3I p _{H} 
NMR (CDCh/DMSO): o(P A) 33.6(d) ppm. o(Px) 91.7(d) ppm. 2Je l p A_3Ipx) 
35 Hz. IH NMR (CDCh): 0 7.45-7.16 (m, 21 H, aromatics), 6.87 (m, H, 
159 
aromatic), 6.61 (m, 1 H, aromatic), 6.49 (m, 1 H, aromatic), 4.79 (br d, 1 H, 
2Je lp)H) 8 Hz, NH). FAB+ MS: mlz 669/670 [Mt, 641 [M-COt, 613 [M-
2COt, 585 [M-3COt and 557 [M-4COt. IR (KBr): 3331m, 3056m, 1925vs, 
1903vs, 1885vs, 1589m, 1572w, 1479m, 1435s, 1376m, 1288w, 1225w, 
1184w, 1160w, 1132w, 1091s, 1071m, 1026m, 999m, 971w, 893s, 865w, 
851 vw, 798m, 753vs, 743vs, 725w, 696vs, 674m, 624m, 608s, 587s, 577s, 
512s, 478m, 437w, 420m, 407m, 396w, 387m, 322w cm-I. 
[Ph2P(AuCl)NHC6H4P(AuCl)Ph2] 63. [AuCI(tht)] (0.115 g, 0.36 mmol) was 
dissolved in dichloromethane (5 cm3) and solid Ph2PNHC6H4PPh2 50 (0.082 
g, 0.18 mmol) was added in one portion. The mixture was stirred for 30 min 
giving a clear brown coloured solution which was then filtered through celite 
to remove a small amount of insoluble material and reduced in volume to ca. 
2 cm3. Petroleum ether 60-80°C was added dropwise (30 cm3) and the 
colourless micro-crystalline product 63 was collected by suction filtration 
washed with petroleum ether (2 x 10 cm3) and dried in vacuo. Yield: 0.150 g, 
91 %. Microanalysis: Found (Calcd. for C30H2SAu2CbNP2) C 38.75 (38.90), 
H 2.59 (2.72), N 1.50 (1.51) %. 3Ip_{H} NMR (CDCb): (5(PA) 20.1(s) ppm. 
(5(Px) 60.9(s) ppm. IH NMR (CD2Cb): (57.65-7.33 (m, 21 H, aromatics), 7.18 
(m, 1 H, aromatic), 7.05 (m, 1 H, aromatic), 6.70 (m, 1 H, aromatic) and 5.61 
(br t, 1 H, 2Jel p)H) 3 Hz, NH). FAB+ MS: mlz 949 [M+Nat, 926 [Mt and 
891 [M-Clt. IR (KBr): 3108m, 3050m, 1586m, 1571m, 1486s, 1444m, 
1436vs, 1409w, 1290m, 1233m, 1182vw, 1165vw, 1132vw, 1103s, 1070w, 
1026vw, 998w, 926s, 801 w, 757m, 745s, 711 vs, 692vs, 632vs, 614w, 604w, 
. I 
551w, 531s, 510s, 492w, 472w, 418vw, 339w cm- . 
[RhCh(7,s-CsMes){Ph2PNHC6H4PPhrP(N)}] 64. [{RhCI(u-CI)(7]s-CsMes)hl 
(0.09 g, O. i 5 mmol) was suspended in thf (1.5 cm3) and to the stirred 
suspension was added Ph2PNHC6H4PPh2 50 (0.140 g, 0.30 mmol) as a solid in 
one portion. The suspension dissolved and after a 15 minutes stirring 64 was 
deposited as a dark red solid. After stirring for a total of 90 minutes the dark 
red product was collected by suction filtration and washed with diethyl ether 
(2 x 10 cm3) and dried in vacuo. Yield 0.20 g, 89 %. Microana1ysis: Found 
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(Calcd. for C4oH4oChNP2Rh) C 62.10 (62.35), H 5.61 (5.23), N 1.97 (1.82) 
%. 3Ip_{H} NMR (ds-toluene): 8(P A) -22.7(d) ppm. 8(Px) 56.3(dd) ppm. 
IJe03Rh_3Ipx) 151 Hz. 4JeIpA_3Ipx) 9 Hz. IH NMR (ds-toluene): 8 8.16 (m, 4 
H, aromatics), 7.39 (m, 4 H, aromatics), 7.28 (br t, 1 H, 2 JeIp)H) 8 Hz, NH), 
7.12-6.95 (m, 13 H, aromatics), 6.74 (m, 1 H, aromatic), 6.61 (m, 1 H, 
aromatic), 6.44 (m, 1 H, aromatic) and 1.15 (d, 15 H, 3Je03Rh- IH) 4 Hz, 
Me). FAB+ MS: mlz 770 [Mt, 735 [M-Clt and 700 [M-2Clt2. IR (KBr): 
3279m, 3051s, 2910m, 2863s, 1585vs, 1570vs, 1503m, 1476vs, 1435vs, 
1383vs, 1277vs, 1216s, 1186m, 1159m, 1093s, 1062vs, 1025m, 909vs, 773m, 
750vs, 701vs, 619vs, 613vs, 522vs, 492s, 473vs, 449s, 397br cm-I. 
[IrCh(7l-CsMes){Ph2PNHC6H4PPh2-P(N)}] 65. This was prepared in the 
same way as the rhodium compound 64 using [{IrC1Cu-Cl)(7l-CsMes)}z] 
(0.070 g, 0.09 mmol) in thf (1.5 cm3) and Ph2PNHC6H4PPh2 50 (0.084 g, 0.18 
mmol) to give a bright orange solid. Yield 0.13 g, 87 %. Microanalysis: 
Found (Calcd. for C4oH4oChIrNP2) C 55.71 (55.88), H 4.82 (4.69), N 1.80 
(1.63) %. 3Ip_{H} NMR (CDCh): o(PA) -22.6(d), o(Px) 23.8(d) ppm. 4JeI pA-
3lpx) 8 Hz. IH NMR (CDCh): 0 7.83 (m, 4 H, aromatics), 7.32 (m, 16 H, 
aromatics), 6.92 (br t, 1 H, 2Je I p)H) 7 Hz, NH), 6.81 (m, 2 H, aromatics), 
6.65 (m, 1 H, aromatic), 6.45 (m, 1 H, aromatic) and 1.33 (s, 15 H, Me). 
FAB+ MS: mlz 860 [Mt, 824 [M-Clt and [M-2Clt2. IR (KBr): 3286s, 
3052s, 2975m, 2911m, 2862m, 1585s, 1568s, 1475s, 1435s, 1383s, 1278vs, 
l217s, 1186s, 1160s, 1095s, 1062s, 1026s, 999s, 910s, 779m, 749vs, 701s, 
620vs, 613vs, 526vs, 513vs, 494vs, 474vs, 441s, 297s, 273s cm-I. 
[RuCh(q6_p-MeC6H4ipr){Ph2PNHC6H4PPh2-P(N)}) 66. This was prepared in 
the same way as the rhodium compound 64 using [{RuC1Cu-Cl)(q6-p -
MeC6H4ipr)}z] (0.074 g, 0.12 mmol) in thf (1.5 cm3) and Ph2PNHC6H4PPh2 
50 (0.115 g, 0.025 mmol). The red/brown product was collected by suction 
filtration, dissolved in dichloromethane (5 cm3) and filtered through celite to 
remove some insoluble material. Light petroleum (25 cm3) was added to the 
stitrred filtrate and the volume was reduced in vacuo to ca. 10 cm3. The 
brown/red product was collected by suction filtration and dried in vacuo. 
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Yield 0.15 g, 83 %. Microanalysis: Found (Ca1cd. for C4oH39ChNP2Ru) C 
62.69 (62.58), H 5.37 (5.12), N 1.92 (1.82) %. 3Ip_{H} NMR (CDCh): 8(PA) 
-21.8(d), 8(Px) 53.1(d) ppm. 4JeIpA)lpx) 9 Hz. IH NMR (CDCh): 8 7.87 
(m, 4 H, aromatics), 7.36-7.30 (m, 16 H, aromatics), 6.81 (m, 2 H, aromatics), 
6.66 (m, 2 H, aromatics), 6.46 (t, 1 H, 2Je Ip)H) 5 Hz, NH), 5.23 (m, 4 H, 
aromatics), 2.59 (hept, 1 H, 3JeH-IH) 7 Hz, CH), 1.72 (s, 3 H, Me) and 0.89 
(d, 6 H, 3 JeH)H) 7 Hz, Me). FAB+ MS: mlz 768 [Mt, 732 [M-Clt and 697 
[M-2Clt2. IR (KBr): 3243m, 3047m, 3032m, 2956m, 2866w, 1585m, 1567m, 
1479vs, 1437s, 1401s, 1287s, 1229w, 1183w, 1161w, 1125vw, 1094m, 
1070w, 1038w, 1027w, 999w, 925m, 875w, 849w, 798w, 783w, 745vs, 697vs, 
612m, 541w, 523s, 490m, 471m, 452w, 439w, 291w cm-I. 
[RuCh(176-C6Me6){Ph2PNHC6H4PPh2-P(N)}] 67. This was prepared in the 
same way as the rhodium compound 64 using [{ RuCI(,u-CI)( 176 -C6Me6) hl 
(0.090 g, 0.13 mmol) in thf (3 cm3) and Ph2PNHC6H4PPh2 50 (0.126 g, 0.27 
mmol). The mixture was stirred for 18 hours. The brown solid was collected 
by suction filtration, dissolved in dichloromethane (5 cm3) and filtered 
through a celite pad to remove some black insoluble material. Light 
petroleum (25 cm3) was added to the stirred filtrate and the volume was 
reduced in vacuo to ca. 10 cm3. The red product was collected by suction 
filtration and dried in vacuo. Yield 0.19 g, 90 %. Microanalysis: Found 
(Calcd. for C42H43ChNP2Ru) 63.66 (63.40), H 5.71 (5.45), N 1.98 (1.76) %. 
3Ip_{H} NMR (CDCI3): 8(P A) -24.5(d), 8(Px) 56.7(d) ppm. 4Je I p A_3Ipx) 9 
Hz. IH NMR (CDCh): 8 7.83 (m, 4 H, aromatics), 7.36 (m, 8 H, aromatics), 
7.28 (m, 8 H, aromatics), 6.88-6.61 (m, 4 H, aromatics), 6.28 (br t, 2Je Ip_IH) 
4 Hz, NH) and 1.73 (s, 18 H, Me). FAB+ MS: mlz 795 [Mt, 760 [M-Clt and 
725 [M-2Clt2. IR (KBr): 3260m, 3050m, 2920w, 1637w, 1587m, 1567m, 
1477vs; 1435vs, 1383s, 1282s, 1221 w, 1185w, 1162w, 1127w, 1087m, 
1068m, 1012w, 911m, 761m, 745s, 702s, 612m, 537w, 522m, 504w, 474w 
cm-I. 
[RuCh(173:173_CIOHI6){Ph2PNHC6H4PPh2-P(N)}] 68. This was prepared in the 
same way as the rhodium compound 64 using [{RuCI(,u-CI)(173:173-CIoHI6)hl 
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(0.117 g, 0.19 mmol) and Ph2PNHC6H4PPh250 (0.175 g, 0.38 mmol) in thf(4 
cm3). The mixture was stirred for 2 hours giving a dark yellow solution which 
was filtered through a small celite plug and precipitated by the slow addition 
of diethyl ether (40 cm3). The yellow product was collected by suction 
filtration and dried in vacuo. Yield 0.222 g, 87 %. Microanalysis: Found 
(Calcd. for C4oH4IChNP2Ru) C 61.97 (62.42), H 5.31 (5.37), N 1.63 (1.82) 
%. 3Ip_{H} NMR (CDCh): 8(PA) -20.3(d), 8(Px) 34.6(d) ppm. 2Je 1pA)lpx) 
13 Hz. IH NMR (CDCb): 8 7.86 (m, 4 H, aromatics), 7.43-7.26 (m, 16 H, 
aromatics), 6.71 (m, 2 H, aromatics), 6.64 (m, 2 H, aromatics), 6.03 (br t, 
2 Je1p1H) 3 Hz, NH), 4.89 (br s, 2 H, CH), 3.43 (d, 2 H, JeH-IH) 9 Hz, CH2), 
3.29 (t, 2 H, JeH)H) 9 Hz, CH2), 2.74 (d, 2 H, JeH)H) 4 Hz CH2), 2.62 (t, 
2 H, JeH)H) 4 Hz, CH2) and 1.98 (br s, 6 H, Me). FAB+ MS: mlz 770 [Mt 
734 [M-Clt and 699 [M-2Clt2. IR (KBr): 3170m, 3050m, 2912w, 2855w, 
1583m, 1568m, 1475vs, 1435vs, 1383vs, 1306w, 1297vs, 1220w, 1197w, 
1168w, 1129w, 1089m, 1041w, 1026m, 998w, 976w, 958w, 915m, 856m, 
785m, 760s, 749vs, 698vs, 611s, 545w, 526vs, 469vs, 421w, 390w, 331w, 
310wcm-1. 
[OsCh(176-p-MeC6H4ipr){Ph2NHPC6H4PPh2-P(N)}] 69. This was prepared in 
the same way as the rhodium compound 64 using [ {OsCl(,u-Cl)( 176 -p-
MeC6H4ipr h] (0.051 g, 0.065 mmol) in thf (2 cm3) and Ph2PNHC6H4PPh2 50 
(0.060 g, 0.13 mmol). The mixture was stirred for 18 hours. Light petroleum 
(15 cm3) was added to further precipitate the product. The orange solid was 
collected by suction filtration and dried in vacuo. Yield 0.10 g, 90 %. 
Microanalysis: Found (Calcd. for C4oH39ChNOsP2) C 56.41 (56.07), H 4.42 
(4.59), N 1.47 (1.63) %. 31p_{H} NMR (CDCI3): 8(PA) -21.6(d), 8(Px) 
11.4(d) ppm. 4Je 1p A)lpX) 9 Hz. IH NMR (CDCb): 8 7.90 (m, 4 H, 
aromatics), 7.35 (m, 15 H, aromatics), 7.87 (m, 1 H, aromatic), 6.76 (m, 2 H, 
aromatics), 6.64 (m, 2 H, aromatics), 6.33 (t, 1 H, Je1p-lH) 5 Hz, NH), 2.42 
(sep, 1 H, 3 JeH-IH) 7 Hz, CH), 1.85 (s, 3 H, Me) and 0.92 (d, 6 H, 3 JeH-IH) 
7 Hz, Me). FAB+ MS: mlz 857 [M]\ 821 [M-Clt and 786 [M-2Clt2 . IR 
(KBr): 3243s, 3046s, 3026w, 2956m, 2918w, 2868w, 1585s, 1567s, 1509vw, 
1479vs, 1437vs, 1402vs, 1288vs, 1229w, 1183w, 1160w, 1125w, 1094s, 
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1070w, 1054w, 1038w, 1027m, 997w, 971 vw, 924s, 879m, 849w, 797w, 
784w, 745vs, 697vs, 661w, 613s, 560w, 541w, 525vs, 490s, 473s, 451m, 
433w, 399w, 348w, 325w, 305m, 279w cm-I. 
[Rh Cl( r/-CsMes) {Ph2PNHC6H4PPhrP (NhP}] [Cl] 70. [RhCh( r/ -CsMes)-
{Ph2PNHC6H4PPh2-P(N)}] 64 (0.103 g, 0.13 mmol) was stirred in chloroform 
(4 cm3) for 2 hours, diethyl ether (25 cm3) was added to precipitate a bright 
orange coloured solid. The product was collected by suction filtration washed 
with diethyl ether (2 x 10 cm3) and dried in vacuo. Yield 0.91 g, 91 %. 
Microanalysis: Found (Calcd. for C4oH4oChNP2Rh) C 62.67 (62.35), H 5.74 
(5.32), N 1.66 (1.82) %. 3I p_{H} NMR (CDCh): o(P A) 31.9(dd) ppm. 
IJe 03 Rh)I pA) 124 Hz. o(Px) 75.4(dd) ppm. IJe03Rh_3Ipx) 135 Hz. 2JeI pA-
3I pX) 80 Hz. IH NMR (CDCh): 8 8.55 (m, 1 H, NH), 7.76-6.56 (m, 24 H, 
aromatics) and 1.29 (d, 15 H, 3 Jeo3Rh) H) 3 Hz, Me). FAB+ MS: mlz 735 [M-
Clt and 700 [M-2Clt2. IR (KBr): 3250m, 3052m, 1624m, 1590s, 1504w, 
1482s, 1457vs, 1435vs, 1376w, 1357vw, 1318w, 1260vw, 1225w, 1188w, 
1158w, 1134vw, 1096vs, 1074m, 1018m, 999w, 933br, 866vw, 748vs, 696vs, 
602w, 537w, 523vs, 511 vs, 483m, 449vw, 372vw cm-I. 
[Rh {Ph2PNH C6H4PPh2-P(NhP}( cod) ][CI04] 71. [{ RhCu-CI)( cod) 12] (0.126 
g, 0.26 mmol) and AgCI04 (0.107 g, 0.52 mmol) were weighed into a 50 cm3 
round bottomed Schlenk flask. The flask was evacuated, then filled with N2. 
Degassed acetone (30 cm3) was added and the mixture was stirred for 30 min 
giving AuCI as a white precipitate. The solution was transferred by a filter 
stick to a second flask (also filled with N2) containing Ph2PNHC6H4PPh2 50 
(0.238 g, 0.52 mmol). The mixture was stirred under an N2 atmosphere for 1 
hour and concentrated in vacuo to ca. 15 cm3. Petroleum ether (25 cm3) was 
added to precipitate the product and the flask was stored at -4°C over night. 
The dark orange solid was collected by suction filtration washed with light 
petroleum (2 x 15 cm3) and dried in vacuo. Yield 0.32 g, 81 %. 
Microanalysis: Found (Calcd. For C3sH37CIN04P2Rh) C 59.01 (59.12), H 4.62 
(4.83), N 1.47 (1.81) %. 3Ip_{H} NMR (CDCI3): o(P A) 17.5(dd) ppm. 
IJe03Rh_3Ip A) 136 Hz. o(Px) 71.9(dd) ppm. IJe03Rh_3Ipx) 158 Hz. 2Je Ip A-
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3I PX) 53 Hz. IH NMR (CD2Clz): 8 9.27 (m, 1 H, NH), 7.85-6.81 (m, 24 H, 
aromatics), 5.32, 2.68 (m, 4 H, =CH, cod) and 2.50-1.75 (m, 8 H, CH2, cod). 
FAB+ MS: mlz 672 [M-CI04t. IR (KBr): 3248br, 3056m, 1697br, 1591m, 
1482m, 1437vs, 1311w, 1271w, 1228w, 1121vs, 1096vs, 998m, 973vw, 927w, 
866vw, 821 vw, 750m, 727m, 695vs, 623m, 527m, 497w cm-I. 
6 . 6 [RuCl(1] -p-MeC6H4IPr){Ph2PNHC6H4PPh2-P(N),P}][BF4] 72. [RuClz(1] -p-
MeC6H4ipr){Ph2PNHC6H4PPh2-P (N)}] 66 (0.114 g, 0.15 mmol) and Ag[BF 4] 
(0.029 g, 0.15 mmol) were weighed into a Schlenk tube. The tube was sealed 
with a septum, evacuated then filled with nitrogen. Degassed dichloromethane 
(5 cm3) was added and the mixture was stirred for 5 hours. AgCI was removed 
by filtration through a celite pad and the volume was reduced to ca. 1-2 cm3. 
Addition of diethyl ether (20 cm3) gave a brown precipitate. The crude 
product was recrystallised from a minimum of chloroform and the red 
crystalline material was collected by suction filtration and dried in vacuo. 
Yield 0.75 g, 62 %. Microanalysis: Found (Calcd. for C4oH39BCIF4NP2Ru) C 
58.94 (58.66), H 4.96 (4.80), N 1.77 (1.71) %. 31p_{H} NMR (CDCb): 8(PA) 
35.4(d), 8(Px) 82.5(d) ppm. 2JelpA-31px) 78 Hz. IH NMR (CD2Clz): 8 7.86 
(m, 4 H, aromatics), 7.68-7.22 (m, 17 H, aromatics and NH), 6.98 (m, 1 H, 
aromatic), 6.77 (m, 1 H, aromatic), 6.47-6.28 (m, 2 H, aromatics), 5.32 (m, 4 
H, aromatics), 2.38 (he pt, 1 H, 3 JeH)H) 6 Hz, CH), 1.64 (s, 3 H, Me) and 
0.66 (d, 6 H, 3 JeH)H) 6 Hz, Me). FAB+ MS: mlz 732 [M-BF4t and 697 [M-
BF4-Clt2. IR (KBr): 3283br, 3056m, 2965m, 2873w, 1625w, 1587m, 1568w, 
1479vs, 1437vs, 1390m, 1288s, 1231m, 1187w, 1164w, 1097vs, 1083vs, 
1061vs, 998s, 915m, 862w, 799w, 749vs, 730m, 696vs, 647vw, 612m, 528vs, 
476vs, 457m cm-I. 
[RuCh( 1]6 -C6Me6) {Ph2PNHC6H4PPh2-P(NY,P}] [BF 4] 73. This was prepared 
in the same way as the ruthenium compound 72 using [RuCh( 1]6 -C6Me6)-
{Ph2PNHC6H4PPhrP(N)}] 67 (0.119 g, 0.15 mmol) and Ag[BF4] (0.029 g, 
0.15 mmol). The crude product was recrystallised from the minimum of 
chloroform and the orange crystalline product was collected by suction 
filtration and dried in vacuo. Yield 0.083 g, 66 %. Microanalysis: Found 
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(Calcd. for C42H43BCIF4NP2Ru) 59.77 (59.55), H 5.47 (5.12), N 1.60 (1.65) 
%. 3Ip_{H} NMR (CDCl)): 8(PA) 36.3(d), 8(Px) 82.5(d) ppm. 2Je l pA-3IPx) 83 
Hz. IH NMR (CDCh): 8 7.72-6.60 (m, 25 H, aromatics and NH) and 1.69 (s, 
18 H, Me). FAB+ MS: mlz 760 [M-BF4t and 725 [M-BF4-Clt 725. IR (KBr): 
3299m, 3056m, 1618w, 1587m, 1483m, 1450vs, 1437vs, 1387m, 1316w, 
1295w, 1280w, 1258vw, 1232w, 1188w, 1164w, 1096vs, 1065vs, 1035vs, 
1001vs, 914s, 873w, 801vw, 763s, 747s, 728s, 699vs, 647m, 595m, 538m, 
520vs, 486vs, 458w, 443m, 356vw cm-I. 
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CHAPTER 4; THE CHEMISTRY OF N-DIPHENYLPHOSPHINE 
2-(DIPHENYL THIOPHOSHINO)ANILINE 
4.1 Introduction 
A logical extension to investigations into the reactivity of 
Ph2PNHC6H4PPh2 is the chemistry of the monochalcogens Ph2P(E)NHC6H4PPh2 
or Ph2PNHC6H4P(E)Ph2, E = 0, S or Se. We anticipate that these molecules can 
exhibit a variety of coordination modes, notably as monodentate phosphorus 
donors and as bidentate phosphorus chalcogen donor ligands resulting in the 
formation of seven-membered metallacycles. Once again, the nitrogen atom 
presents a further site to be explored if deprotonation is an option. To further 
understand the chemistry of these molecules we have synthesised 
Ph2PNHC6H4P(S)Ph2 and investigated its reactivity towards a variety of late 
transition metals including Pt(II), Pd(II), Rh(III), Ir(III) and Ru(II). In addition, 
we have prepared the mixed chalcogen compounds Ph2P(0)NHC6H4P(S)Ph2 and 
Ph2P(Se)NHC6H4P(S)Ph2 which have the potential to behave as anionic 
tridentate oxygen/selenium, nitrogen and sui fur donors upon reaction with 
[PdCh(PhCNh], resulting in species containing both six and four-membered 
nngs. 
There are numerous examples in the literature of ligands containing 
both phosphorus and sui fur donor atoms. Meek and co-workers described the 
preparation of diphenyl(o-methylthiophenyl)phosphine261 - a ligand with an 
aromatic backbone which chelates to form five-membered C2PSM rings. 261 ,262 
Rigo and Bressan prepared a series of P-S donor ligands (Ph2PCH2CH2SR) (R 
= Me, Et and Ph) by the addition of the appropriate chloro derivative 
RS(CH2)2CI to sodium diphenylphosphide In liquid ammonia.263 The 
methylene bridged ligand Ph2PCH2SMe was found to exhibit both 
monodentate P-bound and bidentate bridging coordination modes.264.265 Other 
phosphine-thioether based ligands have also been explored266.269 as have 
phosphine-thiolate,270·273 phosphine-thioformamide,274 phosphine-thiophene,275. 
277 phosphine-sulfoxide,278 phosphine-sulfide279.281 and phosphine-
aminophosphine-sulfides ligands including Ph2PNHP(S)Ph2,207 
Ph2PNPhP(S)Ph2,282 the methylene bridged Ph2PCH2P(S)Ph2283,284 and the -
(CH2)3- backboned Ph2PCH2CH2CH2P(S)Ph2.285 
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RESULTS AND DISCUSSION 
4.2 Synthesis of Ph2PNHC6H4P(S)Ph2 
Treatment of 2-( diphenylthiophosphino )aniline with "BuLi, at -78°C in 
diethyl ether, followed by reaction with chlorodiphenylphosphine, gave 
Ph2PNHC6H4P(S)Ph2 74 in good to excellent yields (71-85%) (Equation 4.1). 
1. nBuLi 
Eqn 4.1 
However, the yield of ligand was significantly lower (46%) when thf was 
substituted for diethyl ether and in some cases the starting material, 2-
(diphenylthiophosphino )aniline was the only product isolated after work-up. 
Attempted preparation of the oxo analogue of the ligand under the same 
conditions also resulted in re-isolation of the starting material. This was not 
remedied by the use of freshly dried solvents during the work-up procedure, a 
precaution taken as hydrolysis of the P-N bond was thought to be the cause of 
the failed syntheses. In the case of the P, 0 ligand a 31p(H} NMR of the 
reaction mixture prior to attempted isolation of product suggested that P-N bond 
formation had taken place with resonances at 8(P) 29.6 and 8(P) 36.7 ppm for 
the P(III) and the P(V) atoms respectively. A 31p(H} NMR experiment on a 
small sample of crude P, 0 ligand, (reaction mixture with solvent removed) in 
dry methanol with a D6-benzene insert revealed that the P-N bond was 
undergoing methanolysis, resulting in the reformation of the starting amine. The 
reaction mixture also contained two other species which we have identified as 
Ph2P(O)OMe and Ph2POMe - a result confirmed by comparison of the 31p(H} 
NMR shift with those of authentic samples of Ph2P(O)OMe and Ph2POMe. A 
cursory attempt to synthesise the selenium analogue by the same synthetic 
procedure resulted in at least eight products containing phosphorus - none of 
which we could identify with any degree of certainty. Synthesis of the oxo and 
seleno ligands via the addition of Ph2PCI to the lithium salt of the appropriate 
aniline proved far more difficult than anticipated, so an alternative synthesis 
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was sought. A second possible route to monochalcogenides of Ph2PNHC6H4PPh2 
is by selective oxidation. This is a route that has been applied successfully to 
the synthesis of Ph2PNHP(E)Ph2, E = 0, Sand Se202•207 • A series of experiments 
involving the reaction of Ph2PNHC6H4PPh2 50 with a slightly less than 
stoichiometric quantity of the appropriate chalcogen or aqueous H202 in various 
solvent systems at O°C gave equally poor results. These reactions usually 
resulted in the precipitation of the dichalcogens Ph2P(E)NHC6H4P(E)Ph2 while 
lesser amounts of starting material and both mixed P(III), P(V) species 
Ph2P(E)NHC6H4PPh2 and Ph2PNHC6H4P(E)Ph2 remain in solution. The 
solubilities of the monochalcogenides and the starting bisphosphine are very 
similar and attempts to separate them by recrystallisation were not successful. 
Ph2PNHC6H4P(S)Ph2 74 is isolated as a colourless solid and displays similar 
solubilities and the same sensitivity to air or light as Ph2PNHC6H4PPh2 50, 
which we described in the chapter 3. The 3lpeH} NMR spectrum (in CDCb) of 
74 displays two single resonances at o(P A) 28.2 and o(Px) 39.6 (the starting 
material 2-(diphenylthiophosphino)aniline has o(P) = 39.6) for the Ph2PNH and 
Ph2P=S groups respectively; the 4Je 1p A_3I pX) coupling was not resolved. The 
I H NMR spectrum (in CDCb) showed the amine proton as a doublet at o(H) 
5.68 eJe1p-IH) 9 Hz]. Assignment of the IR spectrum is difficult, but we can 
identify v(N-H), v(P-N) and v(P=S) at 3223, 896 and 634 cm-I respectively. 
Microanalytical data was within specified limits and the positive-ion F AB mass 
spectrum gave the expected parent-ion at mlz 494 with appropriate isotope 
distribution and fragmentation patterns. 
4.2 Synthesis of Ph2P(E)NHC6H4P(S)Ph2 
Synthesis of the mixed chalcogen species is straightforward. Warming 74 
with a stoichiometric amount of elemental selenium in toluene at 60°C followed 
by filtration of the warm solution, concentration and storage at below O°C gives 
the mixed S, Se species Ph2P(Se)NHC6H4P(S)Ph2 76 in good yield (76%). The 
mixed sulfur, oxygen species Ph2P(0)NHC6H4P(S)Ph2 75 is prepared in 90% 
yield by the dropwise addition of aqueous hydrogen peroxide to a thf solution of 
74. The suI fur, oxygen species 75 was also isolated as a pure solid after 
recrystallisation, in air, of 74 from methanol (70%) (Equation 4.2). 
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H 
CC" N,Wph, / pp~E 
11 
2. Se, toluene reflux (76) 
S 
Eqn 4.2 
The mixed chalcogen species 75 and 76 were both isolated as air and moisture-
tolerant colourless solids which have solubilities similar to that of their parent 
compound Ph2PNHC6H4P(S)Ph2 74. Also in common with 74 is the observed 
absence of 4Je 1p A)I pX) coupling in the 3IpeH} NMR spectra showing instead 
sharp single resonances. The spectroscopic properties of 75 and 76 are very 
similar and selected spectroscopic data along with that of Ph2PNHC6H4P(S)Ph2 
74 are collected below (Table 4.1). 
Table 4.1 Selected 3I p eH}, IH NMRa and IRb data for compounds 74-76. 
NMR 
8 (IH) Be1p) IR(cm-I) 
Compound NH Ph2P=S Ph2PNH P=S P=E P-N N-H 
74 5.68c 39.6 28.2 634 896 3223 
75 8.66d 39.7 18.4 632 1212 924 3117 
76 7.34" 39.9 47.0' 631 548 925 3098 
a Spectra (36.2 MHz) measured in CDCh. b KBr pellet. C 2Je 1p)H) 9 Hz. d 
2Je 1p)H) 10 Hz. "2Je 1p)H) 8 Hz. f IJe 1p_77Se) 783 Hz. 
4.3 Monodentate P coordination chemistry of Ph2PNHC6H4P(S)Ph2 
Ph2PNHC6H4P(S)Ph2 74 reacts 
dichloromethane by displacement of 
cleanly with [AuCI(tht)] In 
the tht molecule to gIve 
[AuCI{Ph2PNHC6H4P(S)Ph2-P}] 77 as a colourless solid in 83% yield. The 
complex is slightly sensitive to light when in solution and a grey solid was 
deposited, presumably gold metal, after only moderate exposure. The 3I p 
NMR spectrum (in CDCI3) shows two single resonances at 8(P) 40.1 and 8(P) 
58.2 ppm assigned to the diphenylthiophosphine (Ph2P=S) group and the gold 
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coordinated diarylaminophosphine (Ph2P{AuCI}NH) respectively. Upon 
coordination the phosphorus (Ill) centre is shifted to higher frequency by 30 
ppm compared to that of the "free" ligand value [O(P) 28.2]. The IH NMR 
(CDCh) shows the NH proton resonance as a broad doublet at o(H) 8.00 with 
a 2Jel p)H) coupling of 3 Hz. From the IR spectrum we can identify v(N-
H) 3109 cm-I, v(P-N) 927 cm-I, v(P=S) 632 cm-I and v(Au-Cl) 339 cm-I. The 
position of the v(P=S) band in the IR spectrum is very close to that found in 
the "free" ligand [v(P=S) 634 cm-I], implying that in the solid state there are 
no significant interaction between the gold and sulfur atoms. However, the 
v(N-H) band has undergone a large shift to lower frequency compared to the 
"free" ligand value [v(N-H) 3223 cm-I] which suggests that the amine proton 
may be involved in an intra/intermolecular hydrogen-bonding interaction. 
Microanalytical data were in good agreement with calculated values and the 
positive-ion F AB mass spectrum data gave the correct parent-ion peak at m/z 
726 and a prominent peak at m/z 690/1 which corresponds to [M-Clt. 
Suitable crystals of 77 were grown by layering a dichloromethane solution of 
[AuCI(tht)]/Ph2PNHC6H4P(S)Ph2 with diethyl ether. 
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Table 4.2 Selected bond lengths (A) and angles (0) for 
[AuCI{Ph2PNHC6H4P(S)Ph2-P}] 77. 
P(2)-S(2) 1.971(2) P(2)-C(2) 1.8266(5) 
C(2)-C(1 ) 1.409(7) C(1)-N(1) 1.408(6) 
N(1)-P(1) 1.685(4) P(1)-Au(1) 2.237(2) 
Au(1)-CI(1) 2.269(2) 
S(2)-P(2)-C(2) 114020(2) P(2)-C(2)-C( 1) 120.00(4) 
C(2)-C(1)-N(1) 120.00( 4) C(1)-N(1)-P(1) 126.30( 4) 
N(1 )-P(1 )-Au(1) 155.20(2) P(1 )-Au(1 )-CI(1) 177.40(7) 
The crystal structure of [AuCI {Ph2PNHC6H4P(S)Ph2-P}] 77 (Figure 4.1) 
along with selected bond-lengths and angles (Table 4.2) is shown below and 
confirms the absence of gold sulfur interactions but reveals an intramolecular 
hydrogen-bonding interaction between the S(2) atom and the amine hydrogen 
H(1n) ofN(1) [H(1n)' . 'S(2) 2.36 A, S(2)' . 'N(1) 3.25 A, N(1)-H(1n)' . ·S(2) 
158°] - corroborating the IR evidence. The molecule has the expected near 
planar P(2)-C(2)-C(1)-N(1)-P(1) backbone [maximum deviation from mean 
plane 0.1 A for P(1)]. The P(1)-Au(1)-CI(1) angle is approximately linear 
[177.40(7)°] and is 'anti' with respect to the amine proton H(1n) which 
appears to be a consequence of the previously discussed hydrogen-bonding 
interaction. A feature also observed in the monodentate Ph2PNHC6H4PPh2 
complexes 65 and 68 (Chapter 3) is the 'syn' type arrangement of the P(1) and 
P(2) atoms. 
The addition of two equivalents of solid Ph2NHC6H4P(S)Ph2 77 to a 
dichloromethane solution of [PdCI2( cod)] gave a heavy pale-yellow 
precipitate after only five minutes of stirring. The product, characterised as 
cis-[PdClz {Ph2PNHC6H4P(S)Ph2-Ph] 78, was recovered in near quantitative 
yield (97%). The extreme insolubility of this material in all common organic 
solvents prevented measurement of its 3!peH}, !H NMR and mass spectra. 
Structural and geometrical assignments therefore, are based solely on 
micro analytical and IR data, the former was in good agreement with the 
proposed formulation, the latter showing two bands at 318 and 298 cm-! for 
v(Pd-CI) - which is consistent with cis-PdClz geometry. In addition, the IR 
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spectrum also contained bands at 3106,919 and 632 cm-I assigned as v(N-H), 
v(P-N) and v(P=S). The NH stretch at 3106 cm-I like (that of 
[AuCI{Ph2PNHC6H4P(S)Ph2-P}] 77) occurs at a much lower frequency than 
in the "free" ligand [v(N-H) 3223 cm-I]. This suggests that the amine protons 
of cis-[PdCh {Ph2PNHC6H4P(S)Ph2-Pb] 78 are involved in similar hydrogen-
bonding interactions to that previously discussed for 77, which may account 
for the observed insolubility of 78. In contrast, the preparation of the 
platinum analogue cis-[PtCh {Ph2PNHC6H4P(S)Ph2-Ph] 79 under the same 
reaction conditions gave a pale-yellow solution which showed no sign of 
precipitation even after prolonged stirring. The product was precipitated by 
the addition of diethyl ether and isolated after recrystallisation from 
chloroform/diethyl ether as a colourless solid in 83% yield (Equation 4.3). 
R\) 
M 
c/ 'Cl 
~~ J?~ ~ NH HN ~ \ / 
Ph P Phl" /PPh2 PPh 
2 ~ " ~ 2 
S M S 
CI/ 'Cl 
M =Pd=77 
M=Pt = 78 
Eqn 4.3 
Once dry, 79 displayed limited solubility in chloroform but was readily 
soluble in dichloromethane. The 3Ip{IH} NMR spectrum (in CDCh) of cis-
[PtCh{Ph2PNHC6H4P(S)Ph2-Ph] showed two distinct phosphorus 
environments at O(P) 37.6 [IJelp-IH) 4103] and O(P) 40.6 ppm, corresponding 
to the coordinated phosphorus (Ill) centre and the 'dangling' phosphorus (V) 
moiety respectively. The large I Je 95pt) I P A) coupling constant of 4103 Hz is 
in good agreement with a cis disposition of ligands (Le. phosphorus trans to 
chloride). In addition, no platinum satellites were observed for the 
uncoordinated phosphorus (V) group, also, the chemical shift of the pendant 
Ph2P=S group is comparable to that found in the "free" ligand [O(P) 39.6] 
implying there is no chelating interaction with the metal centre. The 3lpeH} 
NMR spectrum of 79 showed that the isolated product (from three separate 
syntheses) was consistently contaminated with an impurity (ca. 4-5%) 
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observed as two singlets at 8(P) 40.2 and 40.8 ppm thought to be trans-
[PtCI2 {Ph2PNHC6H4P(S)Ph2-P}z] positive assignment of the impurity 
resonances to the appropriate phosphorus (Ill) and (V) centres is impossible 
as no obvious platinum satellites were observed for either peak. The lH NMR 
spectrum (in CDCb) showed the amine protons as a broad doublet at 8(H) 
7.90 with a 2Jel p)H) coupling of 7 Hz. Further evidence in support of the 
neutral non-chelating cis structure comes from the IR spectrum (KBr disc) 
which shows two distinct v(Pt-CI) stretches at 311 and 290 cm- l, consistent 
with a cis-PtCh geometry. The IR spectrum also shows a broad band at 3137 
cm-l for v(N-H) and two bands at 920 cm- l and 634 cm-l assigned as v(P-N) 
and v(P=S) respectively. The expected parent-ion at mlz 1253 was not evident 
in the positive-ion FAB mass spectrum but mlz profiles corresponding [M-
elt and [M-2CI]2+ were present. Additionally, micro analytical data were in 
agreement with theoretical values. The reaction of [PtCh(cod)] with one 
equivalent of Ph2PNHC6H4P(S)Ph2 74 did not lead to the formation of the 
neutral chelate complex [PtCh{Ph2PNHC6H4P(S)Ph2-P,S}] A (Figure 4.2) as 
expected, but, instead gave a mixture of 79, unreacted [PtCh(cod)] and "free" 
1,5-cyclooctadiene, verified by a combination of lH and 3lpeH} NMR 
spectroscopy. 
Ph 
\ /Ph 
Cl" /S=PD Pt I CI/ "\ A /p-N Q' 
Ph \ H 
Ph Fig 4.2 Compound A 
The 2: 1 molar ratio reaction of Ph2PNHC6H4P(S)Ph2 74 with a 
dichloromethane solution [PtCIMe(cod)] at room temperature results in the 
deposition of a colourless solid and near-quantitative recovery (98%) of the 
surprisingly insoluble complex trans-[PtCIMe{Ph2PNHC6H4P(S)Ph2-P}z] 81. 
As for 78, the insolubility of 81 in common organic solvents prevents 
measurement of its NMR or mass spectra, hence only infra-red and 
micro analytical data are available. Elemental analysis confirms that the 
isolated material has been correctly formulated as [PtMeCI-
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(Ph2PNHC6H4P(S)Ph2h]. On the basis of infra-red spectral data for this 
product we discount chelating ligand behaviour as only one peak for v(P=S) 
at 632 cm"1 is evident and this is at a frequency which corresponds to 
'dangling' thiophosphanyl behaviour. In addition, we are able to identify v(N-
H), v(Pt-Me,C-H), v(P-N) and v(Pt-CI) at 3128, 2886, 911 and 288 cm"1 
respectively. The assignment of trans geometry to complex 81 is based purely 
upon the product obtained, 82 using 81 as starting material - which is 
discussed later in this chapter. Reaction of two equivalents of 
Ph2PNHC6H4P(S)Ph2 74 with [PtMe2(cod)] in dichloromethane produces an 
off-white powder, characterised as the di-methyl derivative cis-
[PtMe2(Ph2PNHC6H4P(S)Ph2-Ph] 83, as is evidenced by the 3lpeH} NMR 
spectrum (in CDCh) where the much smaller IJ( 95pt_3I p) coupling constant 
of 2059 Hz is consistent with cis (phosphorus trans to methyl) geometry. The 
coordinated phosphorus (Ill) and 'dangling' phosphorous (V) group 
resonances occur at 8(P) 55.3 and 8(P) 39.6 ppm respectively. The IH NMR 
(CDCh) spectrum displays the amine protons as a broad multiplet at 8(P) 8.1 
and the PtMe2 moiety at 8(H) 0.20 as a double doublet, flanked by 195pt 
satellites eJ(95 pt_IH) 72 Hz]. The IR spectrum of 83 contains the anticipated 
bands for v(N-H) 3168 cm"I, v(Me, C-H) 2879 cm" I , v(P-N) 902 cm"I and 
v(P=S) 634 cm"I. Microanalytical data were in good agreement with 
theoretical values and the positive-ion F AB mass spectrum displayed as very 
weak parent-ion peak at mlz 1211 and a very strong profile at mlz 1197 
corresponding to [PtMe{Ph2PNHC6H4P(S)Ph2-Pht. 
The un symmetrical mixed ligand complex cis-[PtClz(Ph2PNH-
C6H4P(S)Ph2-P)(PMe2Ph)] 84 was prepared by bridge cleavage of the 
platinum (11) dimer [{PtCI(,u-CI)(PMe2Ph) h] with Ph2PNHC6H4P(S)Ph2 74 in 
175 
dichloromethane (Equation 4.4). The 3lpeH} NMR (CDCI3) spectrum of 84 
is particularly informative and reveals a small phosphorus-phosphorus 
coupling constant [18 Hz], indicative of a structure with a mutual cis 
arrangement of mono dentate phosphine ligands. Two of the three unique 
phosphorus environments display large platinum-phosphorus couplings 8(P) -
16.3 [IJe95pt_3Ip) 3436 Hz] assigned to the PMe2Ph group and 8(P) 32.6 
[IJe95pt_3Ip) 4100 Hz] assigned to the Ph2PNH group of the 
Ph2PNHC6H4P(S)Ph2 74 ligand. Furthermore, the chemical shift of the 
pendent Ph2P=S group [8(P) 39.4] is similar to that observed in the "free" 
ligand [8(P) 39.6] and displays no platinum satellites indicating no 
interaction of the thiophosphoryl moiety with the platinum centre. This is 
also reflected in the IR spectrum where the v(P=S) band of 84 and the "free" 
ligand 74 are practically identical. Further evidence in support of the 
structural assignment of 84 is found in the IR spectrum which shows two 
distinct v(Pt-CI) stretches at 317 and 291 cm-I which are also consistent with 
a cis-PtClz geometry. A subsequent preparation of cis-
[PtClz(Ph2PNHC6H4P(S)Ph2-P)(PMe2Ph)] 84 under identical conditions gave 
an approximate 1:1 mixture ofcis and trans isomers. Examination of3lpeH} 
NMR (in CDCh) of the isolated product shows the anticipated cis-
[PtClz(Ph2PNHC6H4P(S)Ph2-P)(PMe2Ph)] 84 resonances and additional 
resonances which display a large phosphorus-phosphorus coupling constant 
of 535 Hz indicative of a structure with a mutual trans arrangement of 
monodentate phosphine ligands. As expected, two of the three distinct 
phosphorus environments display IJ e 95pt)lp) couplings that are 
characteristically smaller than those previously observed for the cis isomer 
84. The doublet centred at 8(P) -6.9 [IJe 95pt_3I p) 2531 Hz] is assigned to the 
coordinated PMe2Ph group and the doublet at 8(P) 46.1 [IJe95pt_3Ip) 2715 
Hz] to the coordinated Ph2PNH group of the Ph2PNHC6H4P(S)Ph2 ligand. The 
single resonance at 8(P) 41.5 is assigned to the pendent thiophospanyl group 
and, although at slightly higher frequency than observed for either the "free" 
ligand [8(P) 39.6] and 84 [8(P) 39.4] remains uncoordinated, as indicated by 
the absence of platinum satellites. We found that pure cis-
[PtClz(Ph2PNHC6H4P(S)Ph2-P)(PMe2Ph)] 84 could be obtained from the 
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mixture of isomers by isomerisation of the trans isomer by the addition a 
small quantity (ca. 0.003 g) of Ph2PNHC6H4P(S)Ph2 74. The preparation of 
pure trans isomer was not attempted. The reaction of dinuc1ear chloride 
complexes [{MCI(,u-CI)( ll-CsMes) h] (M = Rh or Ir), [{RuCI(,u-CI)( 7]6-
6· 6 C6H6) h], [{RuCI(,u-CI)( 7] -p-MeC6H4I Pr) h] and [{RuCI(,u-CI)( 7] -C6Me6) h] 
with two equivalents of Ph2PNHC6H4P(S)Ph2 74 in thf at room temperature 
leads to formation of the mononuclear complexes [{RhCh( 7]s-
CsMes){Ph2PNHC6H4P(S)Ph2-P}] 86, [{IrCh(7]s-CsMes){Ph2PNHC6H4P(S)-
Ph2-P}] 88, [{RuCh(7]6_C6H6){Ph2PNHC6H4P(S)Ph2-P}] 89, [{RuCh(7]6_p -
MeC6H4ipr){Ph2PNHC6H4P(S)Ph2-P}] 90 and [{RhCh(7]6-C6Me6){Ph2PNH-
thf 
C6H4P(S)Ph2-P}] 91 in good yields (76-90%) (Equation 4.5). 
86 M = Rh, Ar = 7]s -CsMes 
88 M = Ir, Ar = 7]s-CsMes 
89 M = Ru, Ar = 7]6 -C6H6 
90 M = Ru, Ar = 7]6-p-MeC6H4ipr 
91 M = Ru, Ar = 7]6_C6H6 Eqn 4.5 
Table 4.3 Selected 3ipeH}a, iHb NMR and IRe data for complexes of the type 
[{MCh(Ar){Ph2PNHC6H4P(S)Ph2-P}] (M = Rh, Ir or Ru and Ar = aryl). 
NMR 
o (IH) oe1p) IR(cm- i) 
Compound NH Ph2P=S Ph2PNH P=S P-N N-H 
86 8.20 [5] 39.4 62.0{163} 634 902 3145 
88 8.08 [6] 39.4 27.1 635 903 3146 
89 8.06 [4] 39.5 58.2 635 907 3129 
90d 8. 12 [n.o]" 40.9 57.7 631 899 3179 
91 8.05 [6] 39.5 65.6 634 910 3103 
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a Spectra (36.2 MHz) measured in CDCh. b Spectra (250 MHz) measured in 
CDCh. cKBr pellet. d3lpeH} NMR spectra (101.3 MHz) measured in CDCh. 
e n.o. = Not observed. Values in [ ] denote 2Je Ip)H)/Hz. Value in { } 
denotes 2Jct°3Rh)lp)/Hz. 
Compounds 86, 88, 89, 90 and 91 all display the anticipated spectroscopic 
and analytical properties (Tables 4.3 and 4.4). 
Table 4.4 Microanalytical data for complexes of the type [{MCh(Ar){L}] 
(where M = Rh, Ir or Ru and Ar = aryl). (calculated values in parentheses). L 
= Ph2PNHC6H4P(S)Ph2-P. 
Complex C H N 
86 [RhCI2( ,,s -CsMes){L}] 60.01 (59.86) 4.96 (5.02) 1.50 (1.75) 
88 [IrCh( 1]s -CsMes) {L} ] 54.08 (53.87) 4.80 (4.52) 1.339 (1.57) 
89 [RuCh(1]6_C6H6){L} ] 58.50 (58.15) 4.27 (4.20) 1.91 (1.88) 
90 6 . [RuCh(1] -p-MeC6H4IPr){L}] 60.04 (60.07) 4.62 (4.92) 2.18 (1.75) 
68 [RuCI2( 1]6 -C6Me6) {L}] 60.49 (60.94) 4.86 (5.24) 1.60 (1.69) 
Especially diagnostic is the O(P) value for the pendent diphenylthiophosphine 
(Ph2P=S) group which for these complexes is found at o(P) ca. 39.7 which is 
very similar to that of the "free" ligand [O(P) 39.6]. The 3lpeH} spectra of 
the complexes consist of two sharp single resonances with no observable 
4Je Ip A_3I pX) coupling. The 3l p eH} NMR spectrum (in CDCh) of the 
rhodium complex 86 shows a typical 4Jct°3Rh)lp) coupling of 163 Hz. 
Further evidence in support of the mono dentate phosphorus-bound 
coordination mode is provided by the IR spectra of the complexes which all 
display distinct v(P=S) bands at 631-635 cm- I which are very similar to those 
of the "free" ligand value [v(P=S) 634 cm-I]. It is also worth noting the range 
of frequencies in which the v(N-H) stretch is found. It is reasonable to 
assume that intramolecular hydrogen-bonding interactions (similar to that 
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observed in complex 77) are responsible for the vCN-H) shift to lower 
frequency. With this in mind, examination of the vCN-H) stretching 
frequencies (Table 4.3) suggests that solid state intramolecular hydrogen-
bonding interactions are most likely to be observed in complexes 89 and 91 
but not in 86, 88 and 90. This is corroborated by the X-ray crystallographic 
evidence gathered for four examples of this type of complex. Suitable crystals 
of [{IrCh(17s-CsMes){Ph2PNHC6H4P(S)Ph2-P} ]'CHCh 88, [{RuCh(1]6-
6 . C6H6){Ph2PNHC6H4P(S)Ph2-P} ]·O.5C4HJO 89, [{RuCI2(17 -p-MeC6H4IPr){Ph2 
-PNHC6H4P(S)Ph2-P} ]·O.5H20 90 and [{RhCh(1]6-C6Me6){Ph2PNH-
C6H4P(S)Ph2-P}] ·O.5C2HsOH 91 were grown by the slow diffusion of 
petroleum ether 88, 89 and 90 or ethanol 91 into chloroform or 
dichloromethane solutions. The crystal structures (Figures 4.3 88, 4.4 89, 4.5 
90 and 4.6 91) with solvent molecules omitted for clarity, along with selected 
bond-lengths and angles (Table 4.5) are shown below. The molecules all 
display very similar bond-lengths, angles and geometries. All possess the 
expected three-legged 'piano stool' structures and the metal in all cases is 
coordinated to an arene group, two chlorine atoms and the phosphorus (Ill) 
centre, P(1), of the Ph2PNHC6H4P(S)Ph2 ligand. 
Figure 4.3 Crystal structure of [{IrCI2(1]s -CsMes){Ph2PNHC6H4P(S)Ph2-
P} ]'CHCh 88. 
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Figure 4.4 Crystal structure of [{RuCh(7]6_C6H6){Ph2PNHC6H4P(S)Ph2-
P} ]-0.5C4HIO 89. 
Figure 4.5 Crystal structure of [{RuCh(7]6_p-MeC6H4ipr){Ph2PNHC6H4P-
(S)Ph2-P} ]·0.5H20 90. 
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Figure 4.6 Crystal structure of [{RhCh( 176 -C6Me6){Ph2PNRC6R4P(S)Ph2-
P} ]·0.5C2RsOR 91. 
The P(I)-N(1)-C(1)-C(2)-P(2) ligand backbone of complex 88 is essentially 
planar whilst the P(1) atoms of 89,90 and 91lie 0.11 A below, 0.1 A below 
and 0.22 A above their P(1)-N(1)-C(1)-C(2)-P(2) mean planes respectively. 
The molecular structures of complexes 89 and 91 reveal, as suggested by the 
v(N-R) stretching frequencies in their IR spectra, intramolecular hydrogen-
bonding interactions between the amine hydrogen R(ln) of N(1) and the S(2) 
atom [R(1n)' . 'S(2) 2.50 A, S(2)' . 'N(1) 3.30 A, N(1)-R(1n)' . ·S(2) 139°] for 
89 and [R(ln)' . ·S(2) 2.48 A, S(2)' . 'N(1) 3.33 A, N(1)-R(1n)· . 'S(2) 142°] 
for 91. The molecular structures of 88 and 90 reveal R(1n)· . 'S(2) distances 
that are too long to be described as formal hydrogen-bonds, R(1n)· . 'S(2) 
2.59 A for 88 and R(1n)· . ·S(2) 2.62 A for 90. In addition, the previously 
discussed (for complex 77) 'syn' type arrangement of the P(1) and P(2) atoms 
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is common to all four complexes and appears not to be dependent on 
intramolecular hydrogen-bonding interactions. 
Table 4.5 Selected bond lengths (A) and angles (0) for complexes of the type 
[{MCh(Ar){Ph2PNHC6H4P(S)Ph2-P}] (where M = Ir or Ru and Ar = aryl). 
Complex 88 89 90 91 
P(2)-S(2) 1.955(2) 1.968(2) 1.967(4) 1.966(2) 
P(2)-C(2) 1.808(5) 1.813(6) 1.792(10) 1.814(5) 
C(2)-C(1) 1.410(6) 1.419(7) 1.392(12) 1.424(7) 
C(1)-N(1) 1.405(6) 1.418(7) 1.402(11) 1.402(7) 
N(1)-P(1) 1.705(4) 1.698(4) 1.692(8) 1.716(4) 
P(1)-M(1) 2.3030(12) 2.347(2) 2.340(3) 2.3423(14) 
M(1)-CI(1) 2.3876(12) 2.408(2) 2.406(3) 2.409(2) 
M(1)-CI(2) 2.4227(13) 2.410(2) 2.413(3) 2.417(14) 
M( 1 )-C range 2.168-2.240 2.153-2.203 2.154-2.248 2.214-2.293 
S(2)-P(2)-C(2) 113.9(2) 112.7(2) 112.4(4) 114.4(2) 
P(2)-C(2)-C(1 ) 121.3(3) 120.8(4) 122.2(8) 121.2(4) 
C(2)-C(1)-N(1) 120.2(4) 118.8(5) 119.4(8) 120.3(4) 
C(1 )-N(1 )-P(1) 129.5(3) 126.3(4) 129.0(6) 128.0(3) 
N(I)-P(I)-M(I) 116.88(14) 115.5(2) 113.7(3) 117.5(2) 
P(1)-M(1)-CI(1) 90.99(4) 90.58(6) 86.78(9) 89.68(5) 
P(I)-M(1)-CI(2) 91.74(5) 85.04(6) 90.91(9) 88.53(5) 
4.3 Bidentate P,S coordination chemistry of Ph2PNHC6H4P(S)Ph2 
We have previously mentioned that chelation of the potentially 
bidentate P,N ligand dppap (Chapter 2) and P,P' ligand Ph2PNHC6H4PPh2 
(Chapter 3) can be induced by the use of halide abstractors such as Ag[BF4] 
and Ag[CI04] in dichloromethane. This preparative technique has been 
extended with good results to bring about the chelation of monodentate 
Ph2PNHC6H4P(S)Ph2 ligands resulting in the formation of cationic species 
containing seven-membered P-N-C-C-P-S-M rings. 
Treatment of cis-[PtCh{Ph2PNHC6H4P(S)Ph2-Ph] 79 with two 
equivalents of Ag[CI04] in dichloromethane tesulted in halide abstraction and 
the formation of the di-cationic bis-chelate speCIes cis-
[Pt{Ph2PNHC6H4P(S)Ph2-P,ShHCI04h 80 isolated as an off-white micro-
crystalline solid in 88% yield. The isolated product, despite repeated 
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recrystallisation, was consistently contaminated with an impurity (ca. 5%) 
observed as two triplets in the 3lpeH} NMR at D(P) 42.9 and 55.3 [IJe 9S pt_ 
31 p) 2596 Hz] thought to be trans isomer of 80 formed from the suspected 
trans-[PtCh{Ph2PNHC6H4P(S)Ph2-Ph] impurity in 79 (Equation 4.6). 
~~ ~~ ~NH HN ~ \ / 
Ph P Phl" /PPh2 PPh 2~ " -t 2 
S /Pt, S 
Cl Cl 
95: 5 
95: 5 
Eqn 4.6 
The complex is readily soluble in dichloromethane and methanol but 
sparingly so in chloroform. The 31p NMR spectrum (in CDCh) of the 
platinum complex 80 shows two sets of resonances at D(P) 48.8 [IJe9Spt_3IPx) 
3649 Hz] and D(P) 45.3 eJe95pt_31pA) 38 Hz] corresponding to the 
coordinated phosphorus (Ill) and phosphorus (V) groups respectively. 
Relative to the neutral species cis-[PtCh {Ph2PNHC6H4P(S)Ph2-Ph] 79 
chelation results in a shift to higher frequency of the phosphorus (Ill) 
resonance by approximately 11 ppm and the IJe95pt_3IPx) coupling is 
decreased by over 450 Hz to 3649 Hz but is still consistent with the proposed 
cis geometry. The Phosphorus (V) resonance is also shifted to higher 
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frequency from O(P) 40.6, to o(P) 45.3 - an increase of almost 5 ppm and 
platinum satellites are now in evidence for the coordinated phosphorus (V) 
group. Further evidence of ligand chelation is the now apparent small Je1p A-
31 pX) coupling constant of 5 Hz. It is unclear whether the observed Je1p A-
31pX) coupling of 5 Hz is cis or trans in origin or a combination of the two as 
the 31peH} NMR spectra of cis-[PtCI{Ph2PNHC6H4P(S)Ph2-P,S}(PMe2Ph)] 
[CI04] 85 (discussed later), which has a single PtP2C2SN ring, and, as such, 
no trans P-Pt-S-P grouping, contains no such coupling. However, the 31 p eH} 
NMR spectra of trans-[PtMe{Ph2PNHC6H4P(S)Ph2-P}(Ph2PNHC6H4P(S)Ph2-
P,s)HCI04] 82 shows two distinct cis 3 Je1p A)lpX) couplings (also discussed 
later). The IH NMR spectrum (in CDCb) of 80 is particularly uninformative 
as the amine protons are obscured by aromatic resonances thus preventing 
comparison to those of the monodentate ligands in complex 79. The IR 
spectrum supports the bis-chelate structure most notably by the observed shift 
to lower wavenumber of the v(P=S) band [623 cm-1 vs 634 cm-1 found in 79] 
which, along with the absence of v(Pt-Cl) bands, is strong evidence in support 
of sulfur coordination. In addition, a very strong broad band at 1099 cm-1 
(characteristic of the perchlorate anion, as well as the anticipated v(N-H) and 
v(P-N) bands at 3164 cm-1 and 927 cm-1 respectively) were identified in the 
IR spectrum. Microanalytical data were within specified limits and an isotope 
profile at mlz 1182 corresponding to [Pt{Ph2PNHC6H4P(S)Ph2-P,Sh]2+ or [M-
2CI04]2+ was evident in the positive-ion F AB mass spectrum. An attempt to 
grow crystals of cis-[Pt{Ph2PNHC6H4P(S)PhrP,ShHCI04h 80, suitable for 
X-ray crystallographic analysis by layering a dichloromethane solution with 
diethyl ether, resulted instead in crystallisation of the trans isomer. The 
structure of which, (Figure 4.7) along with its core geometry (Figure 4.8) and 
selected bond-lengths and angles (Table 4.6), are displayed below. The crystal 
structure of trans-[Pt{Ph2PNHC6H4P(S)Ph2-P,ShHCI04h reveals that the 
molecule possesses a crystallographic centre of symmetry through the 
platinum atom and that one CH2Ch and two H20 molecules (not shown for 
clarity) per molecule of complex are present. Near-perfect square planar 
geometry at metal is evident, presumably because of the lack of strain 
imposed at the platinum centre by the seven-membered rings. 
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5(2A) 
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The two seven-membered PtP2C2NS metallacycles adopt a conformation best 
described as pseudo boat form. Each ring consists of three distinct planes of 
atoms, P(l), N(I), S(2) and P(2) can be considered as the bottom of the boat, 
P(2)-C(2)-C(l)-N(l) the stern, and P(1)-Pt(l)-S(2) the prow. The angle 
between the bottom and the stern is approximately 119° whilst that between 
the bottom and the prow is 56°. The cationic nature of the complex IS 
highlighted by the presence of two disordered [CI04r counter-ions. 
Table 4.6 Selected bond lengths (A) and angles (0) for trans-
[Pt{Ph2PNHC6H4P(S)Ph2-P,S}2] [CI04h·CH2CI2·2H20. 
Pt(1)-S(2) 2.2432(14) S(2)-P(2) 2.027(2) 
P(2)-C(2) 1.794(6) C(2)-C(1) 1.405(8) 
C(1)-N(1) 1.428(7) N(1)-P(1) 1.671 (5) 
P(l)-Pt(l) 2.3325(13) 
P(1 )-Pt(1 )-P(1A) 180.0 S(2)-Pt(1 )-S(2A) 180.0 
P(1)-Pt(I)-S(2) 90.71(5) P(1 )-Pt( 1 )-S(2A) 89.29(5) 
S(2)-P(2)-C(2) 111.3(2) Pt(1 )-S(2)-P(2) 108.18(7) 
C(2)-C(I)-N(I) 120.5(5) P(2)-C(2)-C(1 ) 121.1(4) 
N(1 )-P(1 )-Pt(1) 110.1(2) C(1)-N(1)-P(1) 123.5(4) 
The reaction of the near insoluble palladium complex cis-
[PdCh {Ph2PNHC6H4P(S)Ph2-Ph] 78 with Ag[CI04] in a dichloromethanel 
methanol solvent mixture gave, after removal of the deposited AgCI and 
precipitation of the product with diethyl ether, a yellow crystalline material. 
Examination of this material by 31p eH} NMR (in CD Ch) showed that 
multiple products had been formed. No further attempt was made to prepare 
cis-[Pd{Ph2PNHC6H4P(S)Phr P,S}2] [CI04h· 
The complexes trans-[PtMe{Ph2PNHC6H4P(S)Ph2-P} {Ph2PNHC6H4P-
(S)Ph2-P,S} ][CI04] 82 and cis-[PtCI{Ph2PNHC6H4P(S)Ph2-P,S}(PMe2Ph)] 
[CI04] 85 were prepared in the same manner as the di-cationic species 80 i.e. 
by the addition of solid Ag[CI04] to dichloromethane solutions of trans-
[PtMeCl{Ph2PNHC6H4P(S)Ph2-Ph] 81 (Equation 4.7) and cis-[PtCh{Ph2P-
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NHC6H4P(S)Ph2-P}(PMe2Ph)] 85 (Equation 4.8). Both species, after removal 
by filtration of AgCI, were precipitated by the addition of diethyl ether and 
isolated as colourless solids in 82 and 95% yields respectively. Like 80, both 
are readily soluble in CH2Ch and methanol but less so in chloroform. 
Equations 4.7 above and 4.8 below. 
The 3lpeH} NMR spectrum (in CD2Ch) of trans-[PtMe{Ph2PNHC6H4P(S)-
Ph2-P}{Ph2PNHC6H4P(S)Phz-P,S} ][CI04] 82 (Figure 4.9) shows four unique 
phosphorus environments. The first resonance at O(P) 43.1 is assigned to the 
pendent (Ph2P=S) group and appears as a singlet with no platinum satellites 
which is consistent with non-coordinating behaviour. The double doublet 
resonance at O(P) 44.7 - assigned to the coordinated (Ph2P=S) group of the 
chelating ligand - shows two distinct 3 Je1p)lp) couplings of 3 and 11 Hz in 
addition to platinum satellites with a small 2Je95pt_3Ip) coupling of 70 Hz. 
The doublet at O(P) 59.2 is assigned to the Ph2PNH group of the non-chelating 
ligand and is coupled to the coordinated phosphorus (V) group e Je1p_31 p) 11 
Hz] and displays a small IJe 95pt_3I p) coupling of 3192 Hz which is 
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Figure 4.9 3lpeH} NMR spectrum (101.3 MHz) of trans-[PtMe{Ph2PNHC6H4P(S)Ph2-PHPh2PNHC6H4P(S)Ph2-P,S} ][CI04] 82. 
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characteristic of mutual trans phosphine geometry. The high frequency 
resonance at O(P) 64.4 is assigned to the coordinated Ph2PNH group of the 
chelating ligand as chelation has previously been observed to cause a shift to 
higher frequency in both the P(lII) and P(V) centres, re the conversion of cis-
[PtCI2{Ph2PNHC6H4P(S)Ph2-Ph] 79 to cis-[Pt{Ph2PNHC6H4P(S)Phr 
P,ShHCI04h 80. The phosphorus atom is coupled to the coordinated 
(Ph2P=S) group as suggested by the small 3 Je1p_31p) cis coupling of 3 Hz. 
The IJe95pt_31 p) coupling of 3225 Hz is also consistent with trans geometry 
as is the absence of typically small (ca. 2000 Hz) phosphorus trans to methyl 
couplings. It is also worth noting the absence of 2Je1p_31p) trans coupling 
between the two coordinated chemically inequivalent Ph2PNH groups. The IH 
NMR spectrum of 82 (in CD2Ch) is consistent with the proposed structure 
and shows two multiplets at o(H) 8.62 and 5.78 with what appear to be 
unresolved platinum satellites. The expected PtMe proton resonance appears 
as a broad triplet at o(H) -0.20 with a typical 2Je 95 pt_ 1H) coupling of 76 Hz. 
The IR spectrum is particularly informative and shows two v(N-H) bands at 
3190 and 3144 cm-1 and two v(P=S) bands at 632 and 622 cm-1 corresponding 
to non-coordinated and coordinated (Ph2P=S) groups respectively. In addition, 
the v(P-N) band at 916 cm-1 shows a prominent shoulder at 925 cm-1 which is 
also compatible with two ligand environments. The positive-ion F AB mass 
spectrum showed an isotope profile centred at 1197/8 which corresponds to 
the [PtMe{Ph2PNHC6H4P(S)Ph2-P} {Ph2PNHC6H4P(S)Ph2-P,S} t cation. 
The 31 p eH} NMR spectrum of cis-[PtCI{Ph2PNHC6H4P(S)Ph2-
P,S}(PMe2Ph)HCI04] 85 (Figure 4.10) is particularly informative and reveals 
a small 2Je1p)lp) coupling of 15 Hz, confirming that cis geometry was 
retained upon chelation. The low frequency double doublet resonance at O(P) 
-4.4 (Je 95 pt_31 p) 3390 Hz] is assigned to the coordinated PMe2Ph group and 
displays two P-P couplings, the previously mentioned 2Je1p_31 p ) cis coupling 
and a 3 Je1p)lp) trans coupling of [9 Hz]. The Ph2PNH resonance appears as 
a doublet at O(P) 40.5 eJe 95 pt_31 p) 3821 Hz] and displays only the cis 2Je 1p_ 
31p) coupling. The high frequency resonance at O(P) 43.6 appears as a doublet 
and is assigned to the coordinated (Ph2P=S) group by virtue of the platinum 
satellites and the small 2 Je 95pt_ 31 P) coupling of 47Hz. 
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The IH NMR spectrum is uninformative as the amine proton is obscured by 
the aromatic resonances but the methyl protons are shown as a doublet at 8(H) 
1.38 2Je lp)H) 11 Hz, 3Je 9S pt_ IH) 34 Hz. The IR spectrum is difficult to 
interpret but we can identify v(N-H), v(P-N) and v(P=S) at 3216, 910 and 622 
cm"l. The shift to lower frequency of v(P=S) from 634 cm"1 in complex 84 to 
622 cm"1 in 85 is consistent with coordination of the P=S moiety. 
Microanalytical and positive-ion F AB mass spectral data are consistent with 
the proposed structure - the latter of which displays a parent-ion peak at mlz 
862 corresponding to the [PtCI{Ph2PNHC6H4P(S)Ph2-P,S}(PMe2Ph} t cation. 
The same synthetic procedure l.e. halide abstraction with Ag[CI04] was 
extended to the preparation of [RhCI(7l-CsMes){Ph2PNHC6H4P(S)Ph2-
P,S} HCI04] 87 from [RhCh(rl-CsMes){Ph2PNHC6H4P(S)Ph2-P}] 86 
(Equation 4.9). 
Cp* 
I 
Rh 
cl/I 'Cl 
PPh2 S I ~ 
HN PPh2 
o 
Eqn 4.9 
The material was isolated in 91 % yield as a dark-red crystalline solid. The 
complex displayed the anticipated analytic and spectral properties including 
double doublet resonances at O(P) 47.4 eJeo3Rh-3IP) 3 Hz] for the 
coordinated Ph2P=S group, 8(P) 85.9 eJeo3Rh-3Ip) 155 Hz] for the Ph2NH 
group and a small 3Je lp)lp) coupling of 5 Hz in the 3lpeH} NMR spectrum 
(in CDCI3). 
4.3 Anionic bidentate P,S coordination chemistry of Ph2PNHC6H4P(S)Ph2 
Previous work has demonstrated that metal complexes constructed 
using ligands bearing phosphinoamine groups can be easily deprotonated 
using a relatively mild base, e.g. Et3N or the metal alkoxide tBuOK, to afford 
neutral chelate ring metallacyc1es. Upon reaction of complexes cis-
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[PdCh {Ph2PNHC6H4P(S)Ph2-Ph] 78 and cis-[PtCh {Ph2PNHC6H4P(S)Ph2-
Ph] 79 with tBuOK in methanol reaction is evident by the rapid change in 
colour of the reaction mixtures. Bright-yellow and bright-orange solids were 
isolated from the platinum and palladium reactions respectively. Although the 
positive-ion F AB mass spectral data gave promising results i.e. showed 
isotope profiles at mlz 109112 for palladium and 1180 for platinum 
corresponding to [M(Ph2PNC6H4P(S)Ph2-P,Sh]+' supporting evidence was 
poor. In particular, 3lp eH} evidence showed that multiple products had been 
formed. Attempts to isolate single products from the mixture including 
selective crystallisation, chromatography, sublimation and sohxlet extraction 
were not successful. Substitution of tBuOK for the milder base Et3N failed as 
no reaction was observed even at reflux in methanol. 
EXPERIMENTAL 
Experimental conditions were as set out on page 16 and in previous 
chapters. 2-(diphenylthiophosphino)aniline was prepared by the addition of a 
stoichiometric quantity of elemental sui fur to a toluene solution of 2-
(diphenylphosphino )aniline. [{RuCI(u-CI)( 176 -C6H6) h] was kindly donated by 
Dr Jonathon Parr. 
Ph2PNHC6H4P(S)Ph2 74. A solution of2.43M "BuLi (4.0 cm3, 9.72 mmol) in 
hexane was added dropwise over a period of 10 min to a cooled (-78°C 
cardice/acetone) stirred suspension of 2-(diphenylthiophosphino)aniline (3.00 
g, 9.70 mmol) in dry, degassed diethyl ether (100 cm3). The mixture was 
stirred at -78°C for 1 hour, warmed to room temperature and stirred for a 
further 3 hours giving a white suspension in a dark orange solution. The 
reaction was cooled once more to -78°C (cardice/acetone) and neat 
chlorodiphenylphosphine (1.75 cm3, 2.15 g, 9.74 mmoI) was added dropwise 
over a period of 5 min. The white suspension in pale yellow solution was 
stirred at -78°C for 30 minutes, warmed to room temperature, stirred for 3 
hours and then stripped of solvent in vacuo. The pale brown oily solid was 
then stirred in dry methanol (70 cm3) at O°C for 10 minutes. The colourless 
solid was collected by suction filtration, washed with ice cold methanol (2 x 
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20 cm3) and dried overnight in vacuo. Yield: 4.07 g, 85 %. Microanalysis: 
Found (Calcd. for C30H2SNP2S). C 73.41 (73.01), H 5.46 (5.11), N 3.04 (2.84) 
%. 3I p_{H} NMR (CDCI3): o(PA) 28.2(s) ppm. o(Px) 39.6(s) ppm. IH NMR 
(CDCI3): 0 5.68 (br d, 1 H, 2Je l p-IH) 9 Hz, NH), 7.75-7.66 (m, 4 H, 
aromatics), 7.56-7.16 (m, 18 H, aromatics) and 6.71-6.59 (m, 2 H, aromatics). 
FAB+ MS: mlz 494 [Mt. IR (KBr): 3223br, 3050m, 1590s, 1565s, 1481s, 
1446vs, 1435vs, 1302s, 1270m, 1240s, 1181s, 1168s, 1131s, 1098s, 1069s, 
1027s, 998vs, 896vs, 850s, 787vs, 750s, 738vs, 710vs, 692vs, 634vs, 613vs, 
559br, 521vs, 508s, 474vs, 432s, cm-I. 
Ph2P(O)NHC6H4P(S)Ph2 75. To a stirred thf (25 cm3) solution of 
Ph2PNHC6H4P(S)Ph2 74 (0.480 g, 0.973 mmol) was added aqueous hydrogen 
peroxide (30% w/w, 0.2 cm3, 1.76 mmol) dropwise over a 10 minute period. 
The mixture was stirred for 10 min then evaporated to dryness giving an off 
white oily residue. The residue was taken up in dichloromethane and dried 
over anhydrous magnesium sulfate. Filtration to remove the drying agent 
followed by evaporation of the filtrate to dryness and recrystallisation from a 
minimum of hot toluene gave 75 as a colourless crystalline solid. The product 
was collected by suction filtration, washed with toluene (2 x 5 cm3) and dried 
in vacuo. Yield: 0.445g, 90 %. Microanalysis: Found (Calcd. for 
C30H2SNOP2S). C 71.69 (70.72), H 5.25 (4.95), N 2.47 (2.75) %. 3I p_{H} 
NMR (CDCI3): o(PA) 18.4(s) ppm. o(Px) 39.7(s) ppm. IH NMR (CDCh): 0 
8.66 (br d, 1 H, 2Je l p-IH) 10 Hz, NH), 7.78-7.69 (m, 4 H, aromatics), 7.57-
7.24 (m, 18 H, aromatics) and 6.77-6.79 (m, 2 H, aromatics). FAB+ MS: mlz 
510 [Mt. IR (KBr): 3117w, 3053w, 1625m, 1590s, 1571m, 1481vs, 1437vs, 
1413m, 1298s, 1252w, 1236w, 1212s, 1183m, 1161w, 1121m, 1102vs, 1071 w, 
1043vw, 1037w, 998w, 925s, 853w, 838w, 804w, 749vs, 726s, 711 vs, 693vs, 
632vs, 613vs, 538s, 525vs, 502vs, 476w cm-I. 
Ph2P(Se)NHC6H4P(S)Ph2 76. Ph2PNHC6H4P(S)Ph2 74 (0.534 g, 1.072 mmol) 
and elemental selenium ( 0.085 g, 1.076 mmol) were stirred in warm (60°C) 
toluene (20 cm3) for 30 min. The solution was filtered through celite while 
still warm to remove a small amount of unreacted selenium. The celite was 
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washed with warm (60DC) toluene (2 x 10 cm3). The filtrate and washings 
were combined and were reduced in volume to ca. 15 cm3 and the colourless 
solid was collected by suction filtration, washed with toluene (2 x 5 cm3) and 
ice cold diethyl ether (2 x 5 cm3) and dried in vacuo. Yield: 0.524 g, 85 %. 
Microanalysis: Found (Calcd. for C30H2SNP2SSe). C 62.04 (62.94), H 4.43 
(4.40), N 2.56 (2.45) %. 3I p_{H} NMR (CDCb): 3(P A) 40.0(s) ppm. 3(Px) 
47.0(s) ppm. IJe lp-77Se) 783 Hz. IH NMR (CDCI3): 3 7.34 (br d, 1 H, 2Je lp-
IH) 8 Hz, NH), 7.79-7.68 (m, 4 H, aromatics), 7.63-7.24 (m, 18 H, aromatics), 
6.85 (m, 1 H, aromatic) and 6.77-6.67 (m, 1 H, aromatic). FAB+ MS: mlz 573 
[Mt. IR (KBr): 3098s, 3058m, 1586vs, 1569vs, 1484vs, 1445vs, 1436vs, 
1409s, 1335vw, 1292s, 1276m, 1233m, 1184w, 1165w, 1133m, 1098vs, 
1069m, 1044w, 1028w, 998m, 926vs, 865vw, 798m, 759s, 753s, 743s, 732m, 
711vs, 693vs, 631w, 613m, 607m, 579m, 548vs, 514vs, 484m, 471m, 435w, 
349w, 333w. 
Ph2P{AuCI}NHC6H4P(S)Ph2 77. To a stirred solution of [AuCl(tht)] (0.045 
g, 0.140 mmol) in dichloromethane (4 cm3) was added Ph2PNHC6H4P(S)Ph2 
74 (0.070 g, 0.142 mmol) as a solid in one go. The mixture was -stirred for 1 
hour and filtered through a celite plug to remove a small amount of grey 
insoluble material. Diethyl ether (35 cm3) was added slowly until a white 
solid precipitated. The product was collected by suction filtration, washed 
with diethyl ether (2 x 10 cm3) and dried in vacuo. Yield: 0.085 g, 83 %. 
Microanalysis: Found (Calcd. for C30H2sAuClNP2S). C 49.22 (49.63), H 3.57 
(3.47), N 1.70 (1.93) %. 3I p_{H} NMR (CDCb): 3(PA) 40.1(s) ppm. 3(Px) 
58.2(s) ppm. IH NMR (CDCb): 3 8.00 (br d, 1 H, 2Je lp-IH) 3 Hz, NH), 7.71-
7.29 (m, 21 H, aromatics), 7.14 (m, 1 H, aromatic), 6.95 (m, 1 H, aromatic) 
and 6.71 (m, 1 H, aromatic). FAB+ MS: mlz 726 [Mt and 691/2 [M-Clt. IR 
(KBr): 3109m, 3051w, 1586m, 1570m, 1486s, 1444s, 1436vs, 1409w, 
1334vw, 1291m, 1233w, 1182w, 1165w, 1132w, 1103vs, 1070w, 1026w, 
998w, 927m, 845vw, 801 w, 757m, 746s, 729w, 711 vs, 692vs, 632s, 614w, 
604w, 550w, 531 s, 511 vs, 493w, 473w 339w cm-I. 
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[PdCh(cod)] (0.078 g, 0.273 mmol) in dichloromethane (2.5 cm3) was added 
Ph2PNHC6H4P(S)Ph2 74 (0.273 g, 0.553 mmol) as a solid in one go. The 
resulting clear pale yellow solution was stirred for 10 minutes and the pale 
yellow precipitate was collected by suction filtration, washed with 
dichloromethane (2 x 2 cm3) and diethyl ether (3 x 10 cm3) and dried in 
vacuo. Yield: 0.309 g, 97 %. Microanalysis: Found (Calcd. for 
C6oH50ChN2P4PdS2). C 61.69 (61.89), H 4.54 (4.33), N 2.37 (2.41) %. IR 
(KBr): 3108br, 3053s, 1589vs, 1568vs, 1481 vs, 1446vs, 1435vs, 1414m, 
1332w, 1295vs, 1285m, 1233m, 1184w, 1165w, 1 133w, 1102vs, 1072w, 
1044vw, 1027w, 998w, 919vs, 851vw, 796m, 744vs, 729m, 711vs, 691vs, 
632vs, 613m, 571br, 516vs, 609vs, 468m, 362w, 318w, 298w cm-I. 
cis-[PtCh{Ph2PNHC6H4P(S)Ph2-PhJ 79. This was prepared in the same way 
as the palladium complex 78 using [PtCh(cod)] (0.051 g, 0.136 mmol) in 
dichloromethane (2.5 cm3) and Ph2PNHC6H4P(S)Ph2 74 (0.138 g, 0.280 
mmol). The resulting clear pale yellow solution was stirred for 2 hours and 
the product was precipitated by the slow addition of diethyl ether (15 cm3). 
The white solid was collected by suction filtration, washed with ice cold 
dichloromethane (2 cm3) and diethyl ether (3 x 10 cm3) and dried in vacuo. 
Yield: 0.150 g, 88 %. Microanalysis: Found (Calcd. for C6oH50ChN2P 4PtS2). 
C 57.20 (57.51), H 4.35 (4.02), N 2.15 (2.24) %. 3I p_{H} NMR (CDCI3): 
o(P A) 37.6(s) ppm. IJe95pt)lp A) 4103 Hz. o(Px) 40.6(s) ppm. IH NMR 
(CDCI3): 0 7.90 (br d, 2 H, 2Je lp-IH) 7 Hz, NH), 7.76-7.08 (m, 44 H, 
aromatics) and 6.71-6.58 (m, 4 H, aromatics). FAB+ MS: mlz 1217/8 [M-Clr 
and 1182 [M-2CI]2+. IR (KBr): 3125m, 3052m, 1591s, 1568s, 1481vs, 1436vs, 
1408m, 1291s, 1233m, 1184w, 1160w, 1131w, 1100vs, 1072w, 1045vw, 
1027w, 998w, 920s, 857vw, 794w, 750vs, 713vs, 693vs, 634s, 614m, 604m, 
535s, 515vs, 468w, 353vw, 311w, 290w cm-I. The product was consistently 
contaminated with an impurity (ca. 4-5%) observed as two singlets in the 
3lpeH} NMR at o(P) 40.2 and 40.8 thought to be trans-
[PtCh {Ph2PNHC6H4P(S)Ph2-P}2]. 
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[PtCh {Ph2PNHC6H4P(S)Ph2-Ph] 79 (0.200 g, 0.160 mmol) In 
dichloromethane (25 cm3) was added Ag[CI04] (0.068 g, 0.328 mmol) as a 
solid. The reaction was stirred in the dark for 16 hours and then filtered 
through celite to remove precipitated AgCl. The filtrate was concentrated to 
ca. 2-4 cm3 and diethyl ether (20 cm3) was added causing an off white 
crystalline solid to precipitate. The product was collected by suction filtration 
and washed with diethyl ether (2 x 10 cm3) and dried in vacuo. Yield: 0.194 
g, 88 %. Microanalysis: Found (Calcd. for C60H50ChN20gP 4PtS2). C 51.70 
(52.18), H 3.53 (3.65), N 1.78 (2.03) %. 3I p_{H} NMR (CDCh): 6(PA ) 
45.3(d) ppm. 2Je95pt_3IPA) 38 Hz. 6(Px) 48.8 (d) ppm. IJe95pt_3IPx) 3649 Hz. 
3JelpA-3IPx) 5 Hz. IH NMR (CDCh): 6 7.96-7.85 (m, 8 H, aromatics), 7.69-
6.88 (m, 36 H, aromatics) and 6.72-6.59 (m, 6 H, aromatics and NH). FAB+ 
MS: mlz 1281/2 [M-CI04t and 1182 [M-2CI04]2+. IR (KBr): 3164br, 3058w. 
1624vw, 1584m, 1576w, 1482m, 1437vs, 1396w, 1334vw, 1310w, 1289w, 
1266w, 1228w, 1188w, 1099vs(br), 998m, 927m, 846vw, 810w, 746m, 709s, 
691vs, 623s, 592s, 525vs, 499s, 486w, 410w cm-I. The product was 
consistently contaminated with an impurity (ca. 5%) observed as two triplets 
in the 3lpeH} NMR at 6(P) 42.9 and 55.3 [IJe95pt_3Ip) 2596 Hz] thought to 
be trans-[Pt{Ph2PNHC6H4P(S)Ph2-P,Sh] [CI04h· 
trans-[PtCIMe{Ph2PNHC6H4P(S)Ph2-PhJ 81. This was prepared in the same 
way as the palladium complex 78 using [PtCIMe(cod)] (0.093 g, 0.263 mmol) 
in dichloromethane (4 cm3) and Ph2PNHC6H4P(S)Ph2 74 (0.270 g, 0.547 
mmol). The white solid was collected by suction filtration, washed with 
dichloromethane (2 x 2 cm3) and diethyl ether (3 x 10 cm3) and dried in 
vacuo. Yield: 0.318 g, 98 %. Microanalysis: Found (Calcd. for 
C6IH53CIN2P4PtS2). C 60.02 (59.44), H 4.34 (4.33), N 2.42 (2.27) %. IR 
(KBr): 3128br, 3052s, 1588vs, 1568vs, 1481 vs, 1446vs, 1435vs, 1415s, 
1332w, 1295vs, 1271s, 1234s, 1184m, 1164m, 1133m, 1102vs, 1072m, 
1043w, 1027m, 998m, 9723vw, 911vs, 855w, 829w, 794m, 744vs, 730s, 
711 vs, 692vs, 633vs, 613s, 575m, 518vs, 508vs, 462m, 439w, 348w, 288w 
cm-I. 
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trans-[PtMc{Ph2PNHC6H4P(S)Ph2-P} {Ph2PNHC6H4P(S)Ph2-P,S}] [CI04] 
82. This was prepared in the same way as the platinum complex 80 using cis-
[PtCIMe{Ph2PNHC6H4P(S)Ph2-Ph] 81 (0.150 g, 0.122 mmol) and Ag[CI04] 
(0.025 g, 0.121 mmol). The white solid was collected by suction filtration, 
washed with diethyl ether (3 x 10 cm3) and dried in vacuo. Yield: 0.129 g, 82 
%. Microanalysis: Found (Calcd. for C6IH53CIN204P4PtS2). C 55.87 (56.50), 
H 4.16 (4.12), N 2.24 (2.16) %. 3I p_{H} NMR (CD2Ch): o(PA) 43.1(s) ppm. 
o(Px) 44.7(dd) ppm. 2Je95pt_3IPx) 70 Hz.o(Py) 59.2(d) ppm. IJe95pt_3Ipy) 
3192 Hz. o(Pz) 64.4(d) ppm. IJe95pt_3Ipz) 3225 Hz. 3 Je lpx_3Ipy) 11 Hz, 
3Jelpx-3Ipz) 3 Hz. IH NMR (CD2Ch): 0 8.62 (m, 1 H, NH), 7.77-6.61 (m, 48 
H, aromatics), 5.78 (m, 1 H, NH) and -0.20 (br t, 3 H, 2Je95pt)H) 76 Hz, 
PtMe). FAB+ MS: mlz 1197/8 [M-CI04t and 1182 [M-CI04-Met. IR (KBr): 
3190w, 3144w, 3055w, 2968w, 2893w, 1586m, 1568m, 1482s, 1436vs, 
1424w, 1401w, 1332vw, 1294m, 1233m, 1185w, 1163w, 1100vs(br), 1027w, 
998m, 923m, 916m, 848vw, 791w, 754s, 729w, 710s, 695vs, 622s, 602s, 
5186vs, 506vs, 480w, 433w, 357w cm-I. 
cis-[PtMc2{Ph2PNHC6H4P(S)Ph2-PhJ 83. This was prepared in the same 
way as the palladium complex 78 using [PtMe2(cod)] (0.070 g, 0.210 mmol) 
in toluene (4 cm3) and Ph2PNHC6H4P(S)Ph2 74 (0.210 g, 0.43 mmol). The 
resulting clear pale yellow solution was stirred for 2 hours resulting in the 
deposition of a light precipitate. Petroleum ether (30 cm3) was added with 
stirring to further precipitate the product. The off white solid was collected by 
suction filtration, washed with petroleum ether (3 x 10 cm3) and dried in 
vacuo. Yield: 0.215 g, 84 %. Microanalysis: Found (Calcd. for 
C62H56N2P4PtS2). C 61.03 (61.43), H 4.71 (4.66), N 1.50 (2.31) %. 3I p _{H} 
NMR (CDCh): o(P A) 39.6(s) ppm. o(Px) 55.3(s) ppm. IJe95pt_3lp A) 2059 Hz. 
IH NMR (CDCh): 0 8.10 (m, 2 H, NH), 7.86-6.59 (m, 48 H, aromatics) and 
0.20 (dd, 6 H, 2Je95pt_ IH) 72 Hz, PtMe). FAB+ MS: mlz 1235 [M+Nat, 1212 
[Mt and 1196 [M-Met. IR (KBr): 3168br, 3051 w, 2951 w, 2879w, 1591 m, 
1566m, 1481s, 1445s, 1435vs, 1415w, 1300m, 1269w, 1237w, 1183w, 1165w, 
1130w, 1099s, 1070w, 1042vw, 1027vw, 998w, 902m, 847vw, 780w, 747s, 
711 vs, 692vs, 634s, 613w, 602w, 538w, 512vs, 476w cm-I. 
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84. To a stirred 
dichloromethane (25 cm3) solution of [{PtCI(,u-CI)(PMe2Ph) h] (0.100 g, 
0.124 mmol) was added dropwise over 10 min a dichloromethane (20 cm3) 
solution of Ph2PNHC6H4P(S)Ph2 74 (0.125 g, 0.253 mmol). The resulting 
solution was stirred for 30 min and then concentrated under reduced pressure 
to ca. 1-2 cm3 and addition of petroleum ether precipitated an off white solid. 
The product was collected by suction filtration, washed with petroleum ether 
(3 x 10 cm3) and dried in vacuo. Yield: 0.187 g, 84 %. Microanalysis: Found 
(Calcd. for C38H36ChNP3PtS). C 50.95 (50.84), H 3.86 (4.04), N 2.27 (1.56) 
%. 3I p_{H} NMR (CDCh): <5(P A) -16.3(d) ppm. IJe 95 pt_3l p A) 3436 Hz. <5(Px) 
32.6(d) ppm. IJ(195 pt_3I px) 4100 Hz. <5(Py ) 39.4(s) ppm. 2JelpA_3Ipx) 18 Hz. 
IH NMR (CDCI3): <5 8.47 (m, 1 H, NH), 7.90 (m, 1 H, aromatic), 7.83 (m, 22 
H, aromatics), 6.82-6.68 (m, 2 H, aromatics) and 1.46 (d, 6 H, 2Je 1p_IH) 11 
Hz, 3 Je 95 pt_ 1H) 35 Hz, PMe). FAB+ MS: mlz 898 [Mt, 862 [M-Clt and 827 
[M-2CI]2+. IR (KBr): 3143w, 3053m, 2960w, 2915w, 1589m, 1568m, 1481s, 
1436vs, 1410w, 1298m, 1234w, 1185vw, 1160vw, 1133vw, 1101s, 1072vw, 
1027vw, 998w, 950m, 912s, 846w, 792w, 745s, 712s, 693vs, 634m, 613w, 
524s, 512s, 487m, 435w, 317w, 291w cm-I. 
cis-[PtCI{Ph2PNHC6H4P(S)Ph2-P,S}(PMe2Ph)][CI04] 85. This was prepared 
in the same way as the platinum complex 80 using cis-
[PtCh{Ph2PNHC6H4P(S)Ph2-P}(PMe2Ph)] 84 (0.142 g, 0.158 mmol) and 
Ag[CI04] (0.032 g, 0.154 mmol). The resulting cream crystalline material was 
collected by suction filtration, washed with diethyl ether (3 x 10 cm3) and 
dried in vacuo. Yield: 0.144 g, 95 %. Microanalysis: Found (Calcd. for 
C38H36ChN04P3PtS). C 46.73 (47.46), H 3.70 (3.98), N 1.37 (1.46) %. 3I p_ 
{H} NMR (CDCh): <5(P A) -4.4(dd) ppm. IJe 95 pt_3l p A) 3390 Hz. <5(Px) 
40.5(d) ppm. IJe95pt_3Ipx) 3821 Hz. <5(P y ) 43.6(d) ppm. 2Je95pt_3Ipy) 47 Hz. 
2JelpA_3Ipx) 15Hz, 3JelpA_3Ipy) 9 Hz. IH NMR (CDCI3): <5 7.93-7.77 (m, 2 
H, aromatics), 7.64-7.00 (m, 21 H, aromatics and NH), 6.87 (m, 2 H, 
aromatics) and 1.38 (d, 6 H, 2Je 1p_IH) 11 Hz, 3Je 95 pt_1H) 34 Hz, PMe). 
FAB+ MS: mlz 862 [M-CI04r and 827 [M-CI04-CI]2+. IR (KBr): 3216br, 
3055m, 2961w, 2915w, 1585w, 1572vw, 1481w, 1436s, 1394w, 1311vw, 
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1287vw, 1229vw, 1188vw, 1100vs(br), 998w, 945w, 910s, 846vw, 813vw, 
748m, 732m, 711m, 691s, 622m, 598m, 525s, 508m, 486m, 457w, 438w, 
369vw, 302w cm-I. 
86. [{RhCI(,u-CI)( r/-
CsMes)}z] (0.112 g, 0.181 mmol) was suspended in thf (1.5 cm3). To the 
stirred suspension was added Ph2PNHC6H4P(S)Ph2 74 (0.180 g, 0.365 mmol) 
as a solid in one go. The suspension dissolved and after a few minutes stirring 
a new solid, 86 precipitated. After stirring for ca. 90 min, the dark red 
product was collected by suction filtration and washed with ice cold thf (3 
cm3) followed by diethyl ether (2 x 5 cm3) and dried in vacuo. Yield: 0.262 g, 
90 %. Microanalysis: Found (Calcd. for C4oH4oCI2NP2RhS) C 60.01 (59.86), 
H 4.96 (5.02), N 1.50 (1.75) %. 3I p_{H} NMR (CDCh): (3(PA) 39.4(s) ppm. 
(3(Px) 62.0(d) ppm. IJeo3Rh- 3I PX) 163 Hz. IH NMR (CDCh): (3 8.20 (br d, 1 
H, 2JC l p_IH) 5 Hz, NH), 7.94-7.12 (m, 22 H, aromatics), 6.79-6.71 (m, 2 H, 
aromatics) and 1.40 (d, 15 H, 2Jeo3Rh-IH) 4 Hz, CsMes). FAB+ MS: mlz 803 
[Mt, 767 [M-Clt and 732 [M-2CI]2+. IR (KBr): 3145w, 3053w, 2908w, 
1591m, 1567m, 1484s, 1436vs, 1414w, 1374w, 1357vw, 1306s, 1281w, 
1235w, 1186vw, 1159vw, I 134vw, 1099s, 1071 w, 1045vw, 1022w, 998w, 
902m, 848vw, 787w, 750m, 733w, 712s, 694vs, 634m, 613w, 604w, 519vs, 
510vs, 489w, 425vw, 395vw cm-I. 
[RhCI( 1,s-CsMes){Ph2PNHC6H4P(S)Ph2-P,S}] [C104] 87. [RhCh( r/-CsMes) 
{Ph2PNHC6H4P(S)Ph2-P}] 86 (0.140 g, 0.174 mmol) and Ag[CI04] (0.036 g, 
0.174 mmol) were stirred in the dark in dichloromethane (25 cm3) for 16 
hours. AgCI was removed by filtration through a celite pad and the volume 
was reduced to ca. 2-4 cm3. Addition of diethyl ether (20 cm3) gave a dark red 
crystalline solid. The product was collected by suction filtration, washed with 
diethyl ether (2 x 5 cm3) and dried in vacuo. Yield: 0.l38 g, 91 %. 
Microanalysis: Found (Calcd. for C4oH4oChN04P2RhS) C 55.40 (55.40), H 
4.14 (4.65), N 1.28 (1.62) %. 3I p_{H} NMR (CDCh): 47.4(dd) ppm. 2Jeo3Rh-
31 p A) 3 Hz. (3(Px) 85.9(dd) ppm. IJe03Rh-3IPx) 155 Hz. 3 JClp A)IPX) 5 Hz. IH 
NMR (CDCh): (3 7.94 (m, 4 H, aromatics), 7.76-7.20 (m, 17 H, aromatics), 
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7.01 (m, 1 H, aromatic), 6.61 (m, 1 H, aromatic), 6.38 (m, 1 H, aromatic), 
5.12 (br d, 1 H, 2Je lp_IH) 8 Hz, NH) and 1.33 (d, 15 H, 2Je03Rh_IH) 4 Hz, 
CsMes). FAB+ MS: mlz 767 [M-CI04t and 731 [M-CI04-Clt2. IR (KBr): 
3202br, 3057m, 2973w, 2916w, 1618w, 1577w, 1480m, 1437s, 1376w, 
1311vw, 1285vw, 1265vw, 1229w, 1186w, 1168w, 1099vs(br), 1025w, 998w, 
904w, 817w, 748m, 703m, 695s, 622m, 598s, 581m, 534w, 522m, 510s, 
501m, 474w, 448w, 395vw, 357vw cm'I. 
[IrCh(1,s-CsMes){Ph2PNHC6H4P(S)Ph2-P}] 88. This was prepared in the 
same way as the rhodium complex 86 using [{IrCI(,ll-CI)(ll-CsMes)hJ (0.80 
g, 0.100 mmol) in thf (1 cm3) and Ph2PNHC6H4P(S)Ph2 74 (0.100 g, 0.203 
mmol). The bright orange solid was collected by suction filtration washed 
with ice cold thf (1 cm3) and diethyl ether (2 x 5 cm3) and dried in vacuo. 
Yield: 0.158 g, 88 %. Microanalysis: Found (Calcd. for C4oH4oChlrNP2S). C 
54.08 (53.87), H 4.80 (4.52), N 1.39 (1.57) %. 3I p_{H} NMR (CDCh): 8(PA) 
27.1(s) ppm. 8(Px) 39.4(s) ppm. IH NMR (CDCI3): 8 8.08 (br d, 1 H,2Je lp_ 
IH) 6 Hz, NH), 7.90-7.54 (m, 16 H, aromatics), 7.29-7.15 (m, 6 H, aromatics), 
6.79-6.70 (m, 2 H, aromatics) and 1.41 (s, 15 H, CsMes). FAB+ MS: mlz 892 
[Mt, 856 [M-Clt and 821 [M-2CIJ2+. IR (KBr): 3146w, 3055w, 2972w, 
2911w, 1592m, 1567m, 1485s, 1448m, 1436vs, 1414vw, 1376vw, 1307s, 
1236w, 1170vw, 1135vw, 1098s, 1071 w, 1028w, 999w, 903w, 848vw, 788w, 
751m, 743w, 713s, 695vs, 635m, 613w604vw, 522vs, 514vw, 489vw, 472vw, 
426vw, 394w cm'I. 
RuCh(ll-C6H6){Ph2PNHC6H4P(S)Ph2-P} 89. This was prepared in the same 
way as the rhodium complex 86 using [(RuCI(,ll-Cl)( 1]6 -C6H6) hJ (0.133 g, 
0.266 mmol) in thf (2.5 cm3) and Ph2PNHC6H4P(S)Ph2 74 (0.263 g, 0.532 
mmol). The red/brown solid was precipitated by the addition of light 
petroleum (15 cm3) and collected by suction filtration. The crude material was 
dissolved in dichloromethane (5 cm3) and filtered through a small celite plug 
to remove a small amount of insoluble material. The solution was 
concentrated under reduced pressure to ca. 1-2 cm3 and addition of light 
petroleum (20 cm3) gave the product as a deep red solid which was collected 
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by suction filtration, washed with diethyl ether (2 x 10 cm3) and dried in 
vacuo. Yield: 0.301 g, 76%. Microanalysis: Found (Calcd. for 
C36H3IChNP2RuS). C 58.50 (58.15), H 4.27 (4.20), N 1.91 (1.88) %. 3I p _{H} 
NMR (CDCh): o(P A) 39.5(s) ppm. o(Px) 58.2(s) ppm. IH NMR (CDCI3): 0 
8.06 (br d, 1 H, 2Je lp-IH) 4 Hz, NH), 7.85 (m, 4 H, aromatics), 7.69-7.52 (m, 
12 H, aromatics), 7.38-7.20 (m, 6 H, aromatics), 6.85-6.76 (m, 2 H, 
aromatics) and 5.39 (s, 6 H, C6H6). FAB+ MS: mlz 744 [Mt, 709 [M-Clt and 
673 [M-2CI]2+. IR (KBr): 3129m, 3052m, 1591m, 1569m, 1487s, 1448s, 
1435vs, 1402w, 1381 w, 1307s, 1269w, 1238w, 1187w, 1172w, 1158w, 
1137w, 1102s, 1093m, 1072w, 1045w, 1029w, 998w, 976w, 907s, 872w, 
825w, 799w, 750s, 740s, 711vs, 698vs, 635s, 613w, 613w, 585w, 542w, 
520vs, 513vs, 506vs, 493m, 475w, 465m, 448w, 437w, 418vw, 344vw, 293w 
278w cm-I. 
[RoCh(r/-MeC6H4ipr){Ph2PNHC6H4P(S)PhrP}] 90. This was prepared in 
the same way as the rhodium complex 86 using [{RuCI(,u-CI)(176-
MeC6H4ipr)h] (0.141 g, 0.230 mmol) in thf (2 cm3) and Ph2PNHC6H4P(S)Ph2 
74 (0.230 g, 0.466 mmol). The red/brown precipitate was collected by suction 
filtration, washed with ice cold thf (2 cm3) and diethyl ether (2 x 10 cm3) and 
dried in vacuo. Yield: 0.309 g, 84%. Microanalysis: Found (Calcd. for 
C4oH39ChNP2RuS). C 60.04 (60.07), H 4.62 (4.91), N 2.18 (1.75) %. 3I p_{H} 
NMR (CDCh): o(P A) 40.9(s) ppm. o(Px) 57.7(s) ppm. IH NMR (CDCh): 0 
8.11 (br s, 1 H, NH), 7.95 (m, 4 H, aromatics), 7.75-7.56 (m, 12 H, 
aromatics), 7.41-7.21 (m, 6 H, aromatics), 6.87-6.77 (m, 2 H, aromatics), 
5.19-5.09 (m, 4 H, aromatics), 2.41 (hept, 1 H, 3JeH-IH) 6 Hz, CH), 1.56 (s, 
3 H, Me) and 0.87 (d, 6 H, 3JeH)H) 7 Hz, Me). FAB+ MS: mlz 800 [Mr, 764 
[M-Clr and 729 [M-2CI]2+. IR (KBr): 3179m(br), 3060w, 2974w, 2869w, 
1564m, 1590m, 1486vs, 1445s, 1436vs, 1401 w, 1381 w, 1308s, 1280w, 
1266w, 1237w, 1194w, 1168w, 1133w, 1101s, 1090m, 1068s, 1045w, 1029w, 
999w, 899s, 876w, 849vw, 781w, 765w, 747s, 712vs, 694vs, 631s, 621vw, 
614w, 603w, 550w, 536w, 513vs, 486m, 450w, 437w, 418vw, 354vw, 306vw, 
295vw cm-I. 
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RuCh(176-C6Me6){Ph2PNHC6H4P(S)Ph2_P} 91. This was prepared in the 
same way as the rhodium complex 86 using [{RuCICu-CI)(176-C6Me6)hJ 
(0.145 g, 0.217 mmol) in thf(2.5 cm3) and Ph2PNHC6H4P(S)Ph2 74 (0.218 g, 
0.442 mmol). After stirring for ca. 18 hours the dark red solid was collected 
by suction filtration washed with ice cold thf (2 cm3) and diethyl ether (2 x 5 
cm
3) and dried in vacuo. Yield: 0.320 g, 89 %. Microanalysis: Found (Calcd. 
for C42H43ChNP2RuS). C 60.49 (60.94), H 4.86 (5.24), N 1.60 (1.69) %. 31 p_ 
{H} NMR (CDCb): o(P A) 39.5(s) ppm. o(Px) 65.6(s) ppm. IH NMR (CDCI3): 
8 8.05 (br d, 1 H, 2Jelp)H) 6 Hz, NH), 7.88 (m, 4 H, aromatics), 7.73-7.55 
(m, 12 H, aromatics), 7.27-7.02 (m, 6 H, aromatics), 6.80-6.72 (m, 2 H, 
aromatics) and 1.86 (s, 18 H, Me). FAB+ MS: mlz 828 [Mt, 793 [M-Clt and 
757 [M-2CI]2+. IR (KBr): 3103w, 3054m, 2963w, 2870w, 1590m, 1568m, 
1483s, 1448s, 1436vs, 1386vw, 1308s, 1278w, 1238w, 1170w, 1136w, 1098s, 
1067w, 1030w, 999w, 910m, 869w, 799w, 754s, 735w, 712vs, 696vs, 634m, 
614w, 589w, 540vw, 522vs, 510vs, 492w, 467w, 444w, 297w cm-I. 
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CHAPTER 5; THE PREPARATION AND CHARACTERISATION 
OF SOME PLATINUM AND PALLADIUM PHOSPHINE 
TRITHIOCARBONATE COMPLEXES M(PR3)z(CS3) AND 
SELENODITHIOCARBONATE COMPLEXES Pt(PR3)(CSeS2) 
5.1 Introduction 
Sulfur donor ligands have been investigated by a number of groups for 
both academic and industrial reasons including their use as lubricant 
additives,286 metal specific coordinations287 and bioinorganic chemistry. 288 
Although there is a wide range of organo-sulfur systems,289 and more recently 
S-P-N-P-S systems213 ,222,290,291 there is surprisingly little information292-295 on 
perhaps the simplest anionic sulfur chelate, [CS3]2-. We have been interested 
in the incorporation of sui fur rich ligands into complexes for a number of 
reasons296,297 and the trithiocarbonate ligand, [CS3]2-, has the added attraction 
of giving complexes with exocyclic sulfur atoms which could be important in 
the formation of molecular metals as a result of weak interactions to other 
species in the solid state.m There was a recent report on the synthesis of 
(diphosphine )platinum (lI) carbonate complexes299 and this has prompted us to 
describe our work on the related trithiocarbonate compounds. In this work we 
describe a facile synthesis of [CS3]2- together with the formation of a range of 
[M(PR3)2 {CS3}] (M = Pd, Pt) complexes. The complexes have been 
characterised by NMR and vibrational spectroscopy; in addition, the X-ray 
structures of selected examples are reported. 
RESULTS AND DISCUSSION 
5.2 Synthesis oftrithiocarbonate and selenodithiocarbonate complexes. 
The [CS3]2- di-anion is well established but not particularly well 
investigated. Typically, the di-anion is prepared by reaction of a base such as 
potassium hydroxide with carbon disulfide in an inert solvent such as 
dimethyl formamide. 292 We have found liquid ammonia to be a very useful 
solvent for a range of reactions. 300 Here we report a simple reaction for the 
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preparation of [NH4h[CS3] as well as for a range of [M(PR3h{CS3}] 
complexes (M = Pd, Pt). Furthermore, we have determined the X-ray crystal 
structures of four [Pt(PR3)2{CS3}] complexes for comparison with the [C03f-
complex that was recently reported.299 
The new [CS3f- complexes were obtained by reaction of carbon 
disulfide with excess NH3 (liq) followed by addition of the appropriate 
[MCI2(PR3)2] species 92 to 99. All of the compounds gave satisfactory 
micro analyses and F AB mass spectra (with the expected isotopomer 
distributions, Table 5.1). 
Table 5.1 Microanalytical data (calculated values in parentheses) and mass 
spectral data for complexes 92-99. 
Complex C H mlz 
92 [Pt(PMe3h {CS3}] 18.6 (18.5) 3.9 (4.0) 455 
93 [Pt(PEt3)2 {C S3 } ] 29.4 (28.9) 5.4 (5.6) 540 
94 [Pt(PMe2Phh {CS3}] 36.7 (36.2) 3.9 (3.8) 580 
95 [Pt(PPh3)2 {CS3}] 53.9 (53.7) 3.8 (3.7) 828 
96 [Pt( dppp) {CS3} ] 46.6 (47.0) 3.4 (3.7) 715 
97 [Pt(dppm){CS3} ] 44.9 (45.4) 3.3 (3.2) 688 
98 [Pd( dppe){ CS3}] 52.6 (52.9) 3.7 (3.9) 611 
99 [Pd(PEt3)2 {CS3}] 32.8 (34.6) 6.6 (6.7) 451 
The v(C=S) vibrations were observed in the range 1039 to 1061 cm-1 
and the v(M-S) all lie within the range 332 to 395 cm-1 (Table 5.2) which is 
in accord with previous observations for related systems.293 The 31 p (H} NMR 
spectra (in CDCb) of the platinum(bis-phosphine) trithiocarbonate complexes 
92 to 99 (Tables 5.2) have 8 values which are shifted by approximately 8 ppm 
to higher frequency than those of their analogous carbonate complexes.299 The 
1 Je 1 p) 95pt} coupling constants observed for the [Pt(PR3h {CS3}] complexes 
lie in the range 2590-3145 Hz for dppm and PPh3 complexes respectively and, 
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as such, are generally ca. 500 Hz smaller in magnitude than those observed 
for the analogous carbonate complexes. The values observed here are 
relatively high for sulfur donor systems though there are few dianionic 
examples that are directly comparable. 
Table 5.2 31 p eH} NMR (36.2 MHz) and selected IR data for complexes 92-
99. 
Complex IJ(p_pt) v(C=S) v(M-S) 
92 [Pt(PMe3)2{CS3}] -29.4 2969 1052(vs) 395(w), 337(w) 
93 [Pt(PEt3)z{CS3}] 5.2 3013 1057(vs) 385(w), 336(w) 
94 [Pt(PMe2Ph)2 {CS3}] -19.1 3018 1060(vs) 387(w), 339(w) 
95 [Pt(PPh3)2{CS3}] 17.9 3145 1061(vs) 386(w), 339(w) 
96 [Pt(dppp){CS3}] -4.2 2881 1050(vs) 387(w), 339(w) 
97 [Pt(dppm){CS3}] -51.7 2590 1047(vs) 386(w), 338(w) 
98 [Pd(dppe){CS3}] 52.0 1047(vs) 390(w), 337(w) 
99 [Pd(PEt3)2{CS3}] 18.6 1039(vs) 375(w), 332(w) 
NMR spectra measured in CDCb 
We have also developed a synthesis of the previously unknown 
[CS2Se ]2- di-anion according to Scheme 5.1. 
Se 
thf, 40°C, 4h 
Scheme 5.1 Synthesis of platinum (H) selenodithiocarbonate complexes. 
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No attempt to isolate the [nBu4Nh[CS2Se] species was made but it was 
used in situ to generate complexes [Pt(PMe2Phh {CS2Se}] 100 and 
[Pt(dppp){CS2Se}] 101. The 3lpeH} NMR spectra (in CD Ch) of the 
platinum mixed chalcogen complexes are the expected AB type with IJe1p-
195pt) couplings which are appropriate for the (rans coordination of sulphur or 
selenium (Table 5.3). 
Table 5.3 3lpeH} NMRQ data for Pt complexes of [CS2Se]2- 100 and 101. 
Complex 
100 
101 
Chemical shifts/ppm 
O(P A) o(PB) 
-19.5 
2.8 
-17.8 
3.4 
Coupling constants/Hz 
I J(Pt-P A) I J(Pt-PB) 2 J(P A - PB) 
3005 
2865 
3028 
2886 
23 
33 
a Spectra (101.3 MHz) measured in CDCl3 
Due to their very similar 0 values unambiguous assignment of the 
phosphorus resonances is impossible even when compared to their 
trithiocarbonate counterparts [Pt(PMe2Phh{CS3}] 94 and [Pt(dppp){CS3}] 96. 
The X-ray studies of 101 (Figure 5.1) clearly indicate the presence of a 50% 
disordered [CS2Sef- group with the selenium being bound to the platinum; 
however, no meaningful bond lengths and angles can be derived because of 
the disorder. Microanalytical data were in good agreement with calculated 
values for both [CS2Se]2- comples and the positive-ion FAB mass spectrum 
gave the correct, though very weak, parent-ion peaks. 
X-ray analysis of four [Pt(PR3h {CS3}] complexes reveals (Table 5.4, 
Figures 5.2 92, 5.3 94, 5.4 95 and 5.5 96) the expected square planar 
geometry at platinum. The Pt-S distances appear independent of the (rans 
phosphine [range 2.336(3) - 2.358(2) A], though as expected the Pt-P 
distances vary with the nature of the phosphine with the PPh3 complex having 
the longest Pt-P bond length. Interestingly, in [Pt( dppp){ CS3}] the Pt-P bond 
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lengths [2.263(3), 2.266(3)] are substantially longer than those of 
[Pt(dppp){C0 3}] [2.216(5), 2.21495)].299 This is presumably a consequence 
of the greater electronegativity of the oxygen atoms of the carbonate ligand 
that enables the dppp to behave as a better cr donor (the same effect would 
also explain the difference in the 1 Je 1 p_ 195pt) coupling constants. 
The S-Pt-S angle [ca. 74°] is significantly less strained than the O-Pt-O 
angle [65.3(5)°] in the carbonate complex. 299 The C-S bond lengths in the 
[CS3f- ligand are longer for the coordinated sulfur atoms than for the 
exocyclic sulfur which is as anticipated. Within the PtS2C rings the Pt-S-C 
and S-C-S angles are in the range 87.6(5) - 89.7(3) and 107.5(4) - 110.5(7) 
respectively, reflecting the ability that sulfur has to adapt to greater angular 
distortion. In all of the structures the [CS3f- ligand is effectively coplanar 
with the coordination plane (maximum deviation for S(3) 0.29 A in 
[Pt(PPh3h {CS3}] 4). There are no significant intermolecular interactions in 
the solid state for any of the structures. 
S(1) 
Figure 5.1 Crystal structure of [Pt(dppp){CS2Se}] 101. 
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Figure 5.2 Crystal structure of [Pt(PMe3h {CS3}] 92. 
Figure 5.3 Crystal structure of [Pt(PMe2Ph)2 {CS3}] 94. 
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Figure 5.4 Crystal structure of [Pt(PPh3h {CS3}] 95. 
Figure 5.5 Crystal structure of [Pt(dppp){CS3}] 96. 
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Table 5.4 Selected bondlengths (A) and angles (0) for [Pt(PR3){ CS3} ] 
complexes. 
PMe3 PMe2Ph PPh3 dppp 
92 94 95 96 
Pt-P(1) 2.263(3) 2.265(3) 2.303(2) 2.263(3) 
Pt-P(2) 2.2669(4) 2.265(3) 2.280(2) 2.266(3) 
Pt-S(1) 2.342(4) 2.336(3) 2.358(2) 2.4 7(3) 
Pt-S(2) 2.354(4) 2.349(4) 2.337(2) 2.346(3) 
S(1)-C(I) 1.70(2) 1.69(1) 1.731(8) 1. 76(1) 
S(2)-C(1) 1.756(12) 1.71(1) 1. 762(7) 1.71(1) 
S(3)-C(I) 1.655(12) 1.67(1) 1.630(7) 1.64(1) 
S(1)-Pt-S(2) 73.8(2) 73.3(1) 73.74(7) 73.6(1) 
P(1)-Pt-P(2) 98.7(1) 95.4(1) 98.99(6) 93.2(1) 
S(1 )-C(1 )-S(3) 127.7(8) 125.4(8) 126.9(5) 125 .. 7(6) 
S(2)-C(1 )-S(3) 123.1(9) 124.1(8) 125.6(5) 126.1(6) 
S(1 )-C(1 )-S(2) 109.2(7) 110.5(7) 107.5(4) 108.1(5) 
Pt-S( 1 )-C( 1) 89.3(4) 88.6(4) 89.3(2) 88.6(3) 
Pt-S(2)-C( 1) 87.6(5) 87.6(5) 89.2(3) 89.7(3) 
EXPERIMENT AL 
Experimental conditions were set out on page 16 and in previous 
chapters. Carbon disulfide was distilled before use and tetrabutylammonium 
borohydride (98% purity) was used without further purification. 
Complexes 92-98. Carbon disulfide (5-10ml) were placed into a Schlenk tube 
and cooled to -78°C. liquid ammonia was bubbled into the cooled carbon 
disulfide until two distinct layers were formed, ca. 10 mins, a clear bottom 
layer and a blood red top layer containing the [CS3]2- anion. MCh(PR3), M = 
Pd, Pt (100-130 mg) was added as a solid and the mixture was magnetically 
stirred for 2 hours at -78°C and then slowly warmed to room temperature with 
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continual stirring until the excess NH3 had evaporated. The resulting bright 
orange residue was placed under vacuum for I hours then extracted with 3 x 
20ml portions of dichloromethane. The combined extracts were reduced in 
volume to approximately 10ml and 60-80 petroleum ether (ca. 40ml) was 
added slowly to the stirred solution to precipitate the product. The bright 
yellow solid was collected by suction filtration washed with a small amount 
of methanol (5ml) and diethyl ether (lml) and dried overnight in vacuo. 
Typical yield 70-90% based on metal used. 
Complexes 99-100. Tetrabutylammonium borohydride (0.144g, 0.560 mmol) 
and elemental selenium (0.022g, 0.279 mmol) were heated to 40°C under a 
nitrogen atmosphere in dry thf (50 cm3) for 4 hours or until the reaction 
mixture was colourless. The mixture was then cooled to -78°C 
(cardice/acetone) and 11.9 cm3 of a 1.78 x 10-3 M solution of CS2 in thf 
(0.021g, 0.276 mmol) was added and stirred for 30 minutes resulting in a 
bright red/pink coloured solution. To this solution was added solid 
[PtCh(PMe2Phh] (0.151g, 0.278 mmol) or [PtCh(dppp)] (0.189g, 0.278 
mmol) and the mixture was stirred for 1 hour at -78°C and 1 hour at room 
temperature giving a bright orange solution containing a light colourless 
precipitate. The precipitate was removed by filtration through celite and 
evaporated to dryness leaving an oily dark orange residue. The crude product 
was taken up into a small volume of dichloromethane (1.5-2 cm3) and diethyl 
ether (40 cm3) was added with stirring to give an orange precipitate. The 
product was collected by suction filtration, washed with ice cold methanol (2 
cm3) followed by diethyl ether (2 x 5 cm3) and dried in vacuo. Yield 0.091g, 
52% for [Pt(PMe2Phh{CS2Se}] and 0.155g, 73% for [Pt(dppp){CS2Se}]. 
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APPENDIX; CRYSTAL STRUCTURE DATA 
Details of collections and refinements for; 
Ph2PNHpy 
cis-[PtCI(Ph2PNHpy-P,N)(Ph2PNHpy-P)] [CI]·0.5H20 
cis-[Pt(Ph2PNpy-P,N)] 
cis-[Pd(Ph2PNpy-P,N)] 
cis-[Pd(Ph2PNHpy-P,Nh] [BF4h 
[ AuCI(Ph2PNHpy-P)] 
[Pt(CgHI20Me) {Ph2PNpy-P,N} ]·H20 
cis-[PtCI {Ph2PNHpy-P,N} (PMe3)] [Cl] ·CHCh 
cis-[PtCI {Ph2PNHpy-P,N} (P(OPh)3)] [Cl] 
cis-[PtCl {Ph2PNpy-P,N} (PMe3)] 
[PtCh(Ph2PNHC6H4PPh2-P (N),P)]-O. 75dmso·0. 75CHCh 
[Ph2P{AuCl}NHC6H4P{AuCl}Ph2]·CHCh 
[RuCh(rrr(ClOH16){Ph2PNHC6H4PPh2-P (N),}] 
[IrCh( T)s-CsMes){Ph2PNHC6H4PPh2-P {N}}] ·0. 75CH2Ch 
[RuCh(T)6-C6Me6) {Ph2PNHC6H4PPh2-P(N),P} ][BF4]·0.5CHCh 
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Local ID Number 
SADW3 
SADW5 
SADW4 
SADW6 
SADW 12 
SADW 25 
SADW 40 
SADW 19 
SADW20 
SADW 39 
SADW 26 
SADW27 
SADW 37 
SADW 30 
SADW 36 
Details of collections and refinements for; 
[AuCI {Ph2PNHC6H4P(S)Ph2-P}] 
[{IrCh(1]s -CsMes){Ph2PNHC6H4P(S)Ph2-P} ]·CHCh 
[{RuCh( 1]6_C6H6){Ph2PNHC6H4P(S)Ph2-P} ]·O.5C4H lO 
6 . [{RuCh(1] -p-MeC6H41Pr){Ph2PNHC6H4P-(S)Ph2-P} ]-O.5H20 
[{RhCh(1]6 -C6Me6){Ph2PNHC6H4P(S)Ph2-P} ]·O.5C2HsOH 
. trans-[Pt {Ph2PNHC6H4P(S)PPhz-P ,S} ] [CI04] ·2H20·CH2CI2 
[Pt(dppp){CS2Se} ] 
[Pt(PMe3h {CS3}] 
[Pt(PMe2Phh {CS3}] 
[Pt(PPh3)2 {CS3}] ·O.5CH2Ch 
[Pt(dppp){CS3} ] 
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Local ID Number 
SADW 31 
SADW 38 
SADW 35 
SADW 34 
SADW 33 
SADW 29 
Compound (Local ID number) 1 (SADW 3) 5 (SADW 5) 11 (SADW 4) 
Empirical Formula C17H1SN2P C34H30N4P2ChPt·0.5H20 C34H2SN4P2Pt 
M 278.29 831.59 749.66 
Colour, habit Clear, block Clear, plate Yellow, block 
Crystal size (mm) 0.17 x 0.20 x 0.50 0.10 x 0.03,0.15 0.15 x 0.15 x 0.21 
Crystal system Monoclinic Triclinic Monoclinic 
Space group P21/a (#14) P-l (#2) P2 1/c (#14) 
a/A 15.577(1) 11.994( 4) 10.526(2) 
h/A 12.190(3) 15.236(3) 12.720(2) 
ciA 8.139(1) 9.839(3) 22.094(1) 
a/o 94.12(2) 
P/o 105.156(8) 113.79(2) 97.980(8) 
y/o 90.39(2) 
UIA3 1491.7(4) 1639.7(9) 2929.8(8) 
Z 4 2 4 
Dc (g cm-3) 1.239 1.684 1.699 
1l/(mm-1) 1.541 10.376 9.889 
Reflections measured 2449 5151 4877 
Reflections independent (Rint) 2357 (0.171) 4878 (0.250) 4595 (0.024) 
Final RI, wR2 [I> 2a(l)] 0.050, 0.039 0.038, 0.040 0.025, 0.027 
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Compound (Local ID number) 12 (SADW 6) 14 (SADW 12) 17 (SADW 25) 
Empirical Formula C34H2sN4P2Pd C34H30B2F sN4P2Pd C17HISAuCIN2P 
M 660.97 836.59 510.70 
Colour, habit Yellow, prism Clear, block Clear, block 
Crystal size (mm) 0.15 x 0.15 x 0.28 0.10 x 0.10 x 0.13 0.18 x 0.18 x 0.20 
Crystal system Monoclinic Orthorhombic Monoclinic 
Space group P2 1/c (#14) Fdd2 (#43) P2 1/c 
alA 10.530(2) 24.662(4) 9.42620(10) 
h/A 12.715(1) 26.730(3) 18.80220(10) 
ciA 22.115(1) 10.728(2) 10.16510(10) 
ala 90 
pia 98.097(8) 110.7120(10) 
ylO 90 
UIA3 2931.4(5) 7072(2) 1685.16(3) 
Z 4 8 4 
Dc (g cm-3) 1.498 1.571 2.013 
JlI(mm-1) 6.371 5.742 8.980 
Reflections measured 4882 1479 7247 
Reflections independent (Rint) 4600 (0.131) 2431 (0.0235) 
Final RI, wR2 [/> 2cr(1)] 0.032, 0.030 0.039, 0.045 0.0212, 0.0516 
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Compound (Local ID number) 19 (SADW 40) 20 (SADW 19) 39 (SADW 20) 
Empirical Formula C26H29N20PPt·H20 C2oH24ChN2P2Pt'CHCh C3sH30C12N203P2Pt'CH2Ch 
M 629.59 739.71 939.47 
Colour, habit Clear, prism Clear, prism Clear, plate 
Crystal size (mm) 0.05 x 0.06 x 0.1 0.21 x 0.16 x 0.05 0.44 x 0.4 x 0.1 
Crystal system Triclinic Monoclinic Triclinic 
Space group P-1 P2 1/c P-1 
a/A 9.6006(7) 9.3444(3) 11.19290(10) 
b/A 9.9187(7) 15.4169(5) 11.43150(10) 
ciA 13.3323(9) 19.5595(6) 16.5134(3) 
ar 100.1220(10) 90 71.7460(10) 
pr 100.3670(10) 102.0410(10) 82.0510(10) 
y/o 98.1210(10) 90 73.6220(10) 
UIA3 1209.7(2) 2755.8(2) 1922.27(4) 
Z 2 4 2 
Dc (g cm-3) 1.729 1.783 1.623 
IJ/(mm-1) 5.891 5.705 4.048 
Reflections measured 5390 22430 8317 
Reflections independent (Rint) 3396 (0.0170) 3934 (0.0985) 5405 (0.0183) 
Final RI, wR2 [1> 20'(1)] 0.0204, 0.0444 0.0434, 0.0883 0.0262, 0.0616 
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Compound (Local ID number) 21 (SADW 39) 56 (SADW 26) 63 (SADW 27) 
Empirical Formula C2oH23CIN2P2Pt C30H25ChNP2Pt·0. 75dmso·0. 75 C30H25Au2ChNP2·0.75CHCl} 
CHCl} 
M 583.88 875.56 1015.81 
Colour, habit Yellow, prism Clear, prism Clear, prism 
Crystal size (mm) 0.15 x 0.2 x 0.3 0.2 x 0.3 x 0.4 0.09 x 0.1 x 0.3 
Crystal system Orthorhombic Monoclinic Monoclinic 
Space group P212121 P21/n 
alA 11.3818(2) 12.2267(2) 17.6977(3) 
blA 13.2084(2) 21.7198(3) 10.86570(10) 
ciA 14.19120(10) 14.1548(2) 17.8028(3) 
alo 90 90 
fJlo 90 98.8060(10) 
ylO 90 90 
UIA3 2133.44(5) 3714.66(10) 
Z 4 4 
Dc (g cm-3) 1.818 1.566 
)l/(mm-1) 6.859 4.236 
Reflections measured 9437 16141 
Reflections independent (Rint) 3054 (0.0273) 5310 (0.0217) 
Final RI, wR2 [/ > 2cr(1)] 0.0174, 0.0380 0.0333, 0.0911 
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Compound (Local ID number) 68 (SADW 37) 65 (SADW 30) 73 (SADW 36) 
Empirical Formula C4oH41 ChNP2Ru C4oH4oChIrNP2·0.75CH2Ch C42H43BCIF 4NP2Ru· 0.5 CH Ch M 769.65 923.46 920.74 
Colour, habit Red, prism Orange, prism Yellow, plate 
Crystal size (mm) 0.4 x 0.35 x 0.2 0.2 x 0.25 x 0.3 0.01 x 0.06 x 0.08 
Crystal system Monoclinic Monoclinic Monoclinic 
Space group P21 P2 1/n P2 1/n 
alA 13.3780(2) 10.4389(2) 15.3659(3) 
blA 10.34100(10) 17.1933(2) 17.7795(2) 
ciA 13.54120(10) 22.73570(10) 16.0576(3) 
alo 90 90 90 
Plo 102.9510(10) 103.1170(10) 100.6330(10) 
ylO 90 90 90 
UIA3 1825.66(4) 3974.12(9) 4311.58(13) 
Z 2 4 4 
Dc (g cm-3) 1.400 1.543 1.418 ~/(mm-l) 0.692 3.705 0.642 
Reflections measured 8098 23335 17826 
Reflections independent (Rint) 4852 (0.0153) 9220 (0.0285) 6166 (0.1153) 
Final RI, wR2 [I> 2a(1)] 0.0330, 0.0839 0.0344, 0.0827 0.0852, 0.1805 
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Compound (Local ID number) 77 (SADW 31) 88 (SADW 38) 89 (SADW 35) 
Empirical Formula C30H2sAuCINP2S C4oH4oChIrNP2S·CHCI3 C36H31 ChNP2RuS·0.5C4H lO M 725.93 1011.20 772.65 Colour, habit Clear, prism Orange, prism Orange, prism Crystal size (mm) 0.1 x 0.2 x 0.4 0.1 x 0.3 x 0.4 0.05 x 0.05 x 0.1 Crystal system Monoclinic Monoclinic Monoclinic Space group C2/c P2 1/c P2 1/c alA 18.2461(2) 9.1068(2) 11.5885(2) blA 9.3531(2) 15.0037(2) 18.7922(4) ciA 33.2678(3) 30.7196(5) 16.7547(4) alo 90 90 90 PlO 92.23 92.4960( 1 0) 101.1430(10) yfO . 90 90 90 UIA3 5673.1(2) 4193.41(13) 3579.94 Z 8 4 4 Dc (g cm-3) 1.700 1.602 1.434 
. fll(mm- 1) 5.487 3.659 0.763 Reflections measured 16863 18097 15301 Reflections independent (Rint) 6645 (0.0475) 6014 (0.0289) 5133 (0.0589) Final RI, wR2 [1> 20'(1)] 0.0459, 0.0952 0.0291, 0.0615 0.0514,0.1071 
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Compound (Local ID number) 90 (SADW 34) 91 (SADW 33) 80 (SADW 29) 
Empirical Formula C4oH39ChNP2RuS·0.5H20 C42H43ChNP2RuS·0.5C2H50H C60H50ChN20gP 4PtS2·2H20· CH2Ch 
M 808.20 850.78 1501.97 
Colour, habit Red, cube Red, prism Clear, prism 
Crystal size (mm) 0.15 x 0.15 x 0.15 0.17 x 0.23 x 0.3 0.1 x 0.15 x 0.15 
Crystal system Triclinic Triclinic Monoclinic 
Space group P-l P-l P2 1/n 
alA 10.8400(3) 9.3675(2) 12.4175(4) 
blA 12.9394(4) 14.5943(2) 20.5319(7) 
ciA 16.28970(10) 17.249 13.8955(5) 
alo 70.6090(10) 112.9200(10) 90 
Plo 81.840(2) 91.2700(10) 99.3800(10) 
rlo 75.7830(10) 95.25 90 
UIA3 2084.66(9) 2158.58(5) 3495.4(2) 
Z 2 2 2 
Dc (g cm-3) 1.288 1.309 1.427 
)l/(mm- l ) 0.659 0.640 2.364 
Reflections measured 9490 9663 21230 
Reflections independent (Rint) 5909 (0.0599) 6124 (0.0248) 8178 (0.0430) 
Final RI, wR2 [1> 2a(1)] 0.0735, 0.1687 0.0501,0.1399 0.0487,0.1106 
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Compound 101 92 94 
Empirical Formula C28H26P2PtS2Se C7Hl8P2PtS3 C17H22P2PtS3 
M 455.4 579.6 
Colour, habit Yellow, plate Yellow, plate 
Crystal size (mm) 0.12 x 0.12 x 0.32 0.03 x 0.10 x 0.18 
Crystal system Monoclinic Triclinic 
Space group P21/C P-1 
a/A 9.0048(5) 11.108(1) 
b/A 11.0771(6) 11.427(2) 
ciA 15.2898(8) 9.053(1) 
a/o 90 104.33(1) 
Plo 105.322(1) 110.865(9) 
y/o 90 85.27(1) 
UIA3 1471. 1040 
Z 4 2 
Dc (g cm-3) 2.056 1.85 
IJ/(mm-l) 10.15 16.4 
Reflections measured 2094 3101 
Reflections independent 2044 2635 
Final RI, wR2 [1> 2cr(I)] 0.066, 0.186 0.050, 0.047 
The X-ray studies of 101 indicate the presence of a 50% disordered [CS2Se]2- group with the selenium being bound to the 
platinum; however, no meaningful bond lengths, angles or unit cell dimensions could be derived because of the disorder. 
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;--------------------------------------------
Compound 95 96 
Empirical Formula C37H30P2PtS3·0.5CH2Clz C2sH26P2PtS3 
M 870.3 715.7 
Colour, habit Yellow, block Yellow, plate 
Crystal size (mm) 0.lxO.1xO.1 0.03 x 0.12 x 0.15 
Crystal system Triclinic Triclinic 
Space group P-1 P-1 
alA 11.0763(2) 10.665(1) 
hlA 13.6100(2) 12.675(2) 
ciA 13.7719(1) 10.5046(9) 
alo 81.936(1) 102.03(1) 
/31° 860775(1) 103.054(7) 
ylO 66.92(1) 85.55(1) 
VIA3 1891 1352 
Z 2 2 
Dc (g cm-3) 1.53 1.76 
Jl/(mm-1) 4.0 12.7 
Reflections measured 5388 4021 
Reflections independent (Rint) 5340 3547 
Final RI, wR2 [I> 2cr(1)] 0.037, 0.090 0.047,0.049 
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